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A majority of tornado research focuses on the Great Plains region of the United
States. Knowledge of tornado environments outside of the Great Plains is limited; this is
especially true for the Southeast U.S. In addition, little is known about the role of the
lower troposphere on tornadogenesis. Therefore, this study examines low-level
thermodynamic parameters associated with tornadoes in the Southeast U.S between 1960
and 2002. Previous studies have shown that higher values of CAPE, 0-3 km CAPE, 0-1
and 0-3 km SRH, and 0-1 and 0-1 km EHI are more likely associated with significant
tornadoes. Similar studies have shown that decreasing LCL, LFC heights, and CIN are
common with significant tornadoes. This study supports that higher values of shear and
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Southeast. However, this study indicates that instability, LCL, and LFC heights may be
poor tornado strength discriminators.

DEDICATION

I would like to dedicate this research to my mother Judi, my sister Katy Beth, my
grandmother Christine, and in memory of my father Dwight and grandfather Ralph.
Without all of you, I would never be where I am now.

ii

ACKNOWLEDGMENTS
The author would like to express sincere gratitude to my committee members, Dr.
Michael Brown, Dr. Charles Wax, and Dr. John Rodgers, for their assistance in
completing this study. Expressed appreciation is also due to Jon Davies for directing me
towards a topic and his encouragement, insight, and discussion. Finally, the author would
like to personally thank Dr. Michael Brown and Dr. Charles Wax for allowing me the
opportunity to attend graduate school and for all their assistance throughout the master’s
program.

iii

TABLE OF CONTENTS

Page
DEDICATION .....................................................................................................

ii

ACKNOWLEDGMENTS ....................................................................................

iii

LIST OF TABLES ...............................................................................................

vi

LIST OF FIGURES ..............................................................................................

viii

CHAPTER
I. INTRODUCTION ....................................................................................

1

OBJECTIVES AND HYPOTHESIS .........................................................

4

II. LITERATURE REVIEW .........................................................................

5

CAPE .......................................................................................................
0-3 km CAPE ...........................................................................................
0-1 km SRH ..............................................................................................
0-3 km SRH ..............................................................................................
0-1 km EHI ...............................................................................................
0-3 km EHI ...............................................................................................
Lifting Condensation Level .......................................................................
Level of Free Convection ..........................................................................
Convective Inhibition ................................................................................

7
8
10
12
13
14
15
18
20

III. DATA AND METHODS ..........................................................................

22

Tornado Data ............................................................................................
Temporal Distribution ...................................................................
Spatial Distribution .......................................................................
Tornado Dataset Development for Statistical Analysis ..................

22
26
28
29

iv

CHAPTER

Page

RAOB Data ..............................................................................................
RAOB Dataset Development for Statistical Analysis .....................
Statistical Analysis ....................................................................................
Descriptive Statistics .....................................................................
Analytical Statistics .......................................................................

30
30
36
36
36

IV. RESULTS AND DISCUSSION ...............................................................

37

Tornado Data: Temporal Distribution .......................................................
Spatial Distribution .......................................................................
Tornado Dataset Development for Statistical Analysis ..................
Temporal and Spatial Proximity ....................................................
RAOB Data ..............................................................................................
RAOB Dataset Development for Statistical Analysis .....................
Statistical Analysis ....................................................................................
Descriptive and Analytical Statistics ..............................................
Southeast U.S. ...................................................................
Alabama ............................................................................
Arkansas ............................................................................
Georgia ..............................................................................
Louisiana ...........................................................................
Mississippi .........................................................................
Tennessee ..........................................................................
Summary ..................................................................................................
NULL EVENT ADDENDUM ..................................................................
Descriptive and Analytical Statistics ..............................................

37
40
43
44
44
44
46
46
47
62
75
87
100
112
125
140
141
145

V. SUMMARY AND CONCLUSIONS ........................................................

161

Limitations ...............................................................................................

164

REFERENCES .....................................................................................................

167

v

LIST OF TABLES
TABLE

Page

3.1

Spreadsheet format of select tornado events from a larger database ...........

23

3.2

Fujita-Pearson Tornado Damage Scale (applied in this study).
(Fujita 1971). ..................................................................................

25

3.3

Proximity sounding criteria comparison. ...................................................

30

4.1

Example format of thermodynamic parameter spreadsheet. .......................

46

4.2

Low-level thermodynamic indices tested for significant and
nonsignificant tornadoes in the Southeast U.S. ...............................

48

4.3

Low-level thermodynamic indices tested for significant and
nonsignificant tornadoes in Alabama. .............................................

63

4.4

Low-level thermodynamic indices tested for significant and
nonsignificant tornadoes in Arkansas. .............................................

75

4.5

Low-level thermodynamic indices tested for significant and
nonsignificant tornadoes in Georgia. ..............................................

91

4.6

Low-level thermodynamic indices tested for significant and
nonsignificant tornadoes in Louisiana. ............................................

100

4.7

Low-level thermodynamic indices tested for significant and
nonsignificant tornadoes in Mississippi. .........................................

113

4.8

Low-level thermodynamic indices tested for significant and
nonsignificant tornadoes in Tennessee. ...........................................

126

vi

TABLE

Page

4.9

Summary of statistical significance for Southeast U.S. states. ...................

140

4.10

Low-level thermodynamic indices tested for significant tornadoes
and nontornadic storms in the Southeast. ........................................

145

4.11

Low-level thermodynamic indices tested for nonsignificant tornadoes
and nontornadic storms in the Southeast. ........................................

146

vii

LIST OF FIGURES
FIGURE
1.1

Page

Mean number of tornado days per century with at least one
significant (F2-F5) tornado based on data from 1921-1995.
(Concannon et al. 2000) ..................................................................

3

0-3 km CAPE box and whiskers plot showing the relationship between
nontornadic supercells (non tor) and significant tornadoes (F2-F5).
(Davies 2001) ..................................................................................

10

0-1 km SRH box and whiskers plot between nontornadic,
supercells (Nontor), nonsignificant tornadoes (nonsigTor),
and significant tornadoes (SigTor).
(Edwards and Thompson (2000) ......................................................

12

LCL height box and whiskers plot showing the relationship between
nontornadic supercells (Nontor), nonsignificant tornadoes (nonsigTor),
and significant tornadoes (SigTor).
(Edwards and Thompson 2000) .......................................................

17

Box and whiskers plot of LFC heights and relationship to nontornadic
supercells (non tor), nonsignificant tornadoes (F0-F1), and
significant tornadoes (F2-F5). (Davies 2002) ...................................

20

3.1

Hourly distribution of tornadoes in the United States,
1950-1989. (Grazulis 1993) .............................................................

28

3.2

Example of surface parcel trace using RAOB 5.2. .....................................

33

3.3

Example of mean layer parcel trace using RAOB 5.2. ...............................

34

3.4

Example of most unstable parcel trace using RAOB 5.2. ...........................

35

4.1

Monthly distribution of study region tornadoes, 1960-2002. ......................

38

4.2

Hourly distribution of study region tornadoes, 1960-2002. ........................

39

2.1

2.2

2.3

2.4

viii

FIGURE

Page

4.3

Hourly distribution of study region tornadoes using proximity sounding
criteria (+/- 2 hours from 0000 UTC), 1960-2002. ...........................

40

4.4

Spatial distribution of all study region tornado events
that occurred, 1960-2002. ...............................................................

41

4.5

Spatial distribution of current RAOB sites. (Other sites were used in
the calculation of proximity distances
(ex. Centreville and Athens)). .........................................................

42

The spatial distribution of tornado events used after applying a proximity
sounding constriction of a 161 km radius (using current
RAOB sites as an example) from each
sounding site, 1960-2002. ...............................................................

43

4.7

Box and whisker graph of CAPE associated with significant and
nonsignificant tornadoes in the Southeast. ......................................

49

4.8

Intraregional CAPE comparison between significant (Sig) and
nonsignificant tornadoes (Nonsig). .................................................

50

4.9

Box and whisker graph of 0-3 km CAPE associated with significant
and nonsignificant tornadoes in the Southeast. ................................

51

4.10

Intraregional 0-3 km CAPE comparison between significant (Sig) and
nonsignificant tornadoes (Nonsig). .................................................

52

4.11

Box and whisker graph of 0-1 km SRH associated with significant and
nonsignificant tornadoes in the Southeast. ......................................

54

4.12

Box and whisker graph of 0-3 km SRH associated with significant and
nonsignificant tornadoes in the Southeast. ......................................

55

4.13

Box and whisker graph of 0-1 km EHI associated with significant and
nonsignificant tornadoes in the Southeast. ......................................

56

4.14

Box and whisker graph of 0-3 km EHI associated with significant and
nonsignificant tornadoes in the Southeast. ......................................

57

4.15

Box and whisker graph of LCL heights associated with significant and
nonsignificant tornadoes in the Southeast. ......................................

59

4.6

ix

FIGURE

Page

4.16

Box and whisker graph of LFC heights associated with significant and
nonsignificant tornadoes in the Southeast. ......................................

60

4.17

Box and whisker graph of CIN associated with significant and
nonsignificant tornadoes in the Southeast. ......................................

61

4.18

Box and whisker graph of CAPE associated with significant and
nonsignificant tornadoes in Alabama. .............................................

64

4.19

Box and whisker graph of 0-3 km CAPE associated with significant and
nonsignificant tornadoes in Alabama. .............................................

65

4.20

Box and whisker graph of 0-1 km SRH associated with significant and
nonsignificant tornadoes in Alabama. .............................................

67

4.21

Box and whisker graph of 0-3 km SRH associated with significant and
nonsignificant tornadoes in Alabama. .............................................

68

4.22

Box and whisker graph of 0-1 km EHI associated with significant and
nonsignificant tornadoes in Alabama. .............................................

69

4.23

Box and whisker graph of 0-3 km EHI associated with significant and
nonsignificant tornadoes in Alabama. .............................................

70

4.24

Box and whisker graph of LCL heights associated with significant and
nonsignificant tornadoes in Alabama. .............................................

72

4.25

Box and whisker graph of LFC heights associated with significant and
nonsignificant tornadoes in Alabama. .............................................

73

4.26

Box and whisker graph of CIN associated with significant and
nonsignificant tornadoes in Alabama. .............................................

74

4.27

Box and whiskers graph of CAPE associated with significant and
nonsignificant tornadoes in Arkansas. .............................................

76

4.28

Box and whiskers graph of 0-3 km CAPE associated with significant and
nonsignificant tornadoes in Arkansas. .............................................

77

4.29

Box and whiskers graph of 0-1 km SRH associated with significant and
nonsignificant tornadoes in Arkansas. .............................................

79

x

FIGURE

Page

4.30

Box and whiskers graph of 0-3 km SRH associated with significant and
nonsignificant tornadoes in Arkansas. .............................................

80

4.31

Box and whiskers graph of 0-1 km EHI associated with significant and
nonsignificant tornadoes in Arkansas. .............................................

81

4.32

Box and whiskers graph of 0-3 km EHI associated with significant and
nonsignificant tornadoes in Arkansas. .............................................

82

4.33

Box and whiskers graph of LCL heights associated with significant and
nonsignificant tornadoes in Arkansas. .............................................

84

4.34

Box and whiskers graph of LFC heights associated with significant and
nonsignificant tornadoes in Arkansas. .............................................

85

4.35

Box and whiskers graph of CIN associated with significant and
nonsignificant tornadoes in Arkansas. .............................................

86

4.36

Box and whiskers graph of CAPE associated with significant and
nonsignificant tornadoes in Georgia. ..............................................

88

4.37

Box and whiskers graph of 0-3 km CAPE associated with significant and
nonsignificant tornadoes in Georgia. ..............................................

89

4.38

Box and whiskers graph of 0-1 km SRH associated with significant and
nonsignificant tornadoes in Georgia. ..............................................

92

4.39

Box and whiskers graph of 0-3 km SRH associated with significant and
nonsignificant tornadoes in Georgia. ..............................................

93

4.40

Box and whiskers graph of 0-1 km EHI associated with significant and
nonsignificant tornadoes in Georgia. ..............................................

94

4.41

Box and whiskers graph of 0-3 km EHI associated with significant and
nonsignificant tornadoes in Georgia. ..............................................

95

4.42

Box and whiskers graph of LCL heights associated with significant and
nonsignificant tornadoes in Georgia. ..............................................

97

4.43

Box and whiskers graph of LFC heights associated with significant and
nonsignificant tornadoes in Georgia. ..............................................

98

xi

FIGURE

Page

4.44

Box and whiskers graph of CIN associated with significant and
nonsignificant tornadoes in Georgia. ..............................................

99

4.45

Box and whiskers graph of CAPE associated with significant and
nonsignificant tornadoes in Louisiana. ............................................

101

4.46

Box and whiskers graph of 0-3 km CAPE associated with significant and
nonsignificant tornadoes in Louisiana. ............................................

102

4.47

Box and whiskers graph of 0-1 km SRH associated with significant and
nonsignificant tornadoes in Louisiana. ............................................

104

4.48

Box and whiskers graph of 0-3 km SRH associated with significant and
nonsignificant tornadoes in Louisiana. ............................................

105

4.49

Box and whiskers graph of 0-1 km EHI associated with significant and
nonsignificant tornadoes in Louisiana. ............................................

106

4.50

Box and whiskers graph of 0-3 km EHI associated with significant and
nonsignificant tornadoes in Louisiana. ............................................

107

4.51

Box and whiskers graph of LCL heights associated with significant and
nonsignificant tornadoes in Louisiana. ............................................

109

4.52

Box and whiskers graph of LFC heights associated with significant and
nonsignificant tornadoes in Louisiana. ............................................

110

4.53

Box and whiskers graph of CIN associated with significant and
nonsignificant tornadoes in Louisiana. ............................................

111

4.54

Box and whiskers graph of CAPE associated with significant and
nonsignificant tornadoes in Mississippi. .........................................

114

4.55

Box and whiskers graph of 0-3 km CAPE associated with significant and
nonsignificant tornadoes in Mississippi. .........................................

115

4.56

Box and whiskers graph of 0-1 km SRH associated with significant and
nonsignificant tornadoes in Mississippi. .........................................

117

4.57

Box and whiskers graph of 0-3 km SRH associated with significant and
nonsignificant tornadoes in Mississippi. .........................................

118

xii

FIGURE

Page

4.58

Box and whiskers graph of 0-1 km EHI associated with significant and
nonsignificant tornadoes in Mississippi. .........................................

119

4.59

Box and whiskers graph of 0-3 km EHI associated with significant and
nonsignificant tornadoes in Mississippi. .........................................

120

4.60

Box and whiskers graph of LCL heights associated with significant and
nonsignificant tornadoes in Mississippi. .........................................

122

4.61

Box and whiskers graph of LFC heights associated with significant and
nonsignificant tornadoes in Mississippi. .........................................

123

4.62

Box and whiskers graph of CIN associated with significant and
nonsignificant tornadoes in Mississippi. .........................................

124

4.63

Box and whiskers graph of CAPE associated with significant and
nonsignificant tornadoes in Tennessee. ...........................................

127

4.64

Box and whiskers graph of 0-3 km CAPE associated with significant and
nonsignificant tornadoes in Tennessee. ...........................................

128

4.65

Monthly distribution of tornadoes in Tennessee using proximity
sounding data (100 mi within sounding site), 1960-2002. ...............

129

4.66

Monthly distribution of tornadoes in the Southeast U.S. (excluding
Tennessee) using proximity sounding data (100 mi within
sounding site), 1960-2002. .............................................................

130

4.67

Box and whiskers graph of 0-1 km SRH associated with significant and
nonsignificant tornadoes in Tennessee. ...........................................

132

4.68

Box and whiskers graph of 0-3 km SRH associated with significant and
nonsignificant tornadoes in Tennessee. ...........................................

133

4.69

Box and whiskers graph of 0-1 km EHI associated with significant and
nonsignificant tornadoes in Tennessee. ...........................................

134

4.70

Box and whiskers graph of 0-3 km EHI associated with significant and
nonsignificant tornadoes in Tennessee. ...........................................

135

4.71

Box and whiskers graph of LCL heights associated with significant and
nonsignificant tornadoes in Tennessee. ...........................................

137

xiii

FIGURE

Page

4.72

Box and whiskers graph of LFC heights associated with significant and
nonsignificant tornadoes in Tennessee. ...........................................

138

4.73

Box and whiskers graph of CIN associated with significant and
nonsignificant tornadoes in Tennessee. ...........................................

139

4.74

Spatial distribution of all null events in the study region, 1980-2002. ........

142

4.75

Example of the spatial distribution of null events after applying the
temporal and spatial proximity sounding constriction
(to current sounding sites) of a 161 km radius from each
sounding site and +/- 2 hrs of 0000 UTC, 1980-2002. .....................

143

4.76

Spatial distribution of all null events without a tornado
report, 1980-2002. ..........................................................................

144

4.77

Box and whiskers graph of CAPE associated with nontornadic storms,
nonsignificant and significant tornadoes in the Southeast U.S. ........

149

4.78

Box and whiskers graph of 0-3 km CAPE associated with nontornadic
storms, nonsignificant and significant tornadoes
in the Southeast U.S. ......................................................................

150

Box and whiskers graph of 0-1 km SRH associated with nontornadic
storms, nonsignificant and significant tornadoes
in the Southeast U.S. ......................................................................

152

Box and whiskers graph of 0-3 km SRH associated with nontornadic
storms, nonsignificant and significant tornadoes
in the Southeast U.S. ......................................................................

153

Box and whiskers graph of 0-1 km EHI associated with nontornadic
storms, nonsignificant and significant tornadoes
in the Southeast U.S. ......................................................................

154

Box and whiskers graph of 0-3 km EHI associated with nontornadic
storms, nonsignificant and significant tornadoes
in the Southeast U.S. ......................................................................

155

Box and whiskers graph of LCL heights associated with nontornadic
storms, nonsignificant and significant tornadoes
in the Southeast U.S. ......................................................................

157

4.79

4.80

4.81

4.82

4.83

xiv

FIGURE
4.84

4.85

Page

Box and whiskers graph of LFC heights associated with nontornadic
storms, nonsignificant and significant tornadoes
in the Southeast U.S. ......................................................................

158

Box and whiskers graph of CIN associated with nontornadic
storms, nonsignificant and significant tornadoes
in the Southeast U.S. ......................................................................

159

xv

CHAPTER I
INTRODUCTION
Until recently, nearly all severe weather and tornado research was focused on
regions of the atmosphere above the planetary boundary layer (PBL). The PBL extends
from the Earth’s surface to approximately three kilometers above the Earth’s surface. The
past few years, however, some tornado research (Rasmussen 2003, Thompson et al. 2003,
Brooks and Craven 2002, Davies 2001, Markowski et al. 1998, etc.) has begun focusing
on the planetary boundary layer as more meteorologists believe that tornado formation
may be strongly influenced by factors in the lowest three kilometers of the troposphere.
In fact, Rasmussen (2003) suggests that near-ground layers are more important in
affecting the development of supercells and tornadoes.
In addition, the majority of tornado research concentrates on the Great Plains
region of the United States, a natural laboratory. Little, if any, research has been
conducted in other regions of the country, including the Southeast. A unique tornado
regime exists in the Southeast as compared to any other region in the U.S. For example,
Alabama, Louisiana, and Mississippi have the greatest threat of a tornado in late February
compared to the remaining regions of the United States (Brooks et al., 2003). While the
greatest tornado threat shifts further north and west in April, a high tornado potential still
exists then for Alabama, Arkansas, Georgia, Louisiana, and Mississippi. Southeast region
tornadoes are relatively rare during the summer months as the core of the jet stream
1
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remains over the northern U.S. However, the threat shifts back to the Southeast in
November with southwest Mississippi having the highest probability of a tornado
(Brooks et al., 2003). Recent fall tornado outbreaks in Alabama have made November the
most active month of the year for tornadoes for that state. Since the new millennium,
many southeastern states have been hit the hardest during the late fall (November 23-24
in Alabama; November 10, 2002 in Mississippi, Alabama, and Tennessee; and November
24, 2001 in Mississippi and Alabama) rather than the typical spring tornado maximum.
Although significant tornadoes (F2-F5) occur less often than nonsignificant
tornadoes (F0-F1), these tornadoes are responsible for the majority of death and property
loss in the Southeast. Concannon et al. (2000) show a similar threat of significant
tornadoes in Alabama, Mississippi, Louisiana, and Arkansas as compared to the Great
Plains (Figure 1.1). A study conducted by the NWS Birmingham (2004) showed that no
Southeastern states ranked in the top ten for total tornadoes between 1950-1998,
however, four states (Mississippi #2, Alabama #3, Arkansas #4, and Tennessee #7)
ranked in the top seven for tornado deaths between 1950-2002. Possible reasons for the
high number of deaths may include poor home construction, manufactured housing, and
the time of day the tornado occurred (Clark 2003).
Most tornadoes occur in the late afternoon and evening hours when most people
are awake. However, there appears to be a secondary maximum of tornadoes during the
early morning hours (Anthony 1988) when most people are asleep. In fact, the NWS
Birmingham (2004) found that a secondary peak of violent tornadoes in the state of
Alabama occurs between 0600 and 0800 UTC. It has been observed by the author that
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many tornadoes occur during the late night/early morning hours, especially in
Mississippi, Alabama, and Georgia.
Clearly, there is a need for a better understanding of tornadic environments in the
Southeast U.S. in order to protect property and lives. One component of improving the
ability to forecast tornadoes is to understand the relationship between low-level
conditions and tornadogenesis. The goal of this thesis is to identify the low-level
thermodynamic tornado environments of the Southeast region of the United States. It is
the hope of the author that this work will better differentiate significant and
nonsignificant tornadic environments. In addition, it is anticipated that this work will spur
future regional-specific tornado research.

Figure 1.1. Mean number of tornado days per century with at least one significant
(F2- F5) tornado based on data from 1921-1995. (Concannon et al. 2000)
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OBJECTIVES AND HYPOTHESIS
The objectives of this study are:
1) To establish mean low-level thermodynamic indices values for Southeastern
tornado events;
2) To discriminate between weak and significant tornado events using low-level
thermodynamic indices
The following hypothesis will be tested in this study:
1) Low-level thermodynamic indices can be used to discriminate between weak and
significant tornado environments in the Southeast region of the U.S.

CHAPTER II
LITERATURE REVIEW
The tornadic environment for Great Plains is different from other regions in the
United States. The majority of Great Plains severe storm events occur under a general
synoptic-scale circulation allowing for the development of a deep surface layer of moist
air, a mid-level dry intrusion, and a lifting mechanism capable of iniating deep
convection (Carlson and Ludlam 1968). Generally, classic tornado outbreaks in the Great
Plains can be attributed to three air streams. The first air stream is a southerly low-level
(between 925-850 mb) flow of warm, moist air that originates from the Gulf of Mexico.
This air stream delivers a large amount of latent heat for thunderstorms to develop and
the buoyancy needed for thunderstorms to sustain themselves. The second air stream is a
southwesterly mid-level (around 700 mb) flow of warm, dry air from the Mexican
Plateau. This air mass serves to effectively cap or inhibit the release of instability in the
lower levels of the troposphere. As long as the cap is in place, instability continues to
increase until the cap is eroded or broken, leading to possible significant thunderstorm
development. The third air stream is an upper-level (between 300-200 mb) westerly flow
of strong winds known as the jet stream. This air stream can sometimes aid in the
removal of the cap and also allows for storms to evacuate mass, which contributes to a
storm’s longevity.

5
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The typical tornado outbreak environment of the Southeast is somewhat different
from the Great Plains. Although, the main synoptic air streams are the same, there are
smaller scale differences that exist between the two regions. Generally, there is less
available instability in the Southeast as compared to the Great Plains. The reason for this
includes a higher moisture content, which causes more clouds and limits the amount of
solar insolation. Tornado outbreaks that occur in the Southeast typically have slightly
lower lapse rates (rate of vertical cooling of the atmosphere), which contributes to a
reduction in updraft strength as compared to Great Plains tornado environments. Another
factor which may enhance tornado potential more in the Great Plains is wind shear. The
Great Plains are comprised of gently sloping hills that are relatively void of a vast
number of trees, while the Southeast is comprised of hills, mountains, and a vast array of
trees and forests. Due to these factors, surface friction is greater in the Southeast, which
causes the inflow wind speeds to be slower than those winds in the Great Plains.
Consequently, this can cause a decrease in the amount of low-level wind shear (i.e.
helicity) available for storms in the Southeast.
While the Great Plains and Southeast tornado environments differ synoptically,
they also likely differ on the mesoscale. While the synoptic scale provides the necessary
lift for thunderstorms to form, the mesoscale enhances and augments tornadogenesis as
suggested by Markowski et al. (1998). Severe thunderstorms and tornadoes also differ
significantly by regional scales as suggested by Doswell et al. (1990). While a limited
number of studies have focused on thermodynamic parameters unique to a given region
of the U.S., the few studies that have been conducted indicate strong regional differences.
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Brown (2002) found a significantly different tornado environment for the SouthernAtlantic states than compared to the Great Plains, and Griffin (1995) found a significantly
different tornado environment for the Southeastern states than compared to the Great
Plains. This study will also focus on the Southeast region and will analyze many
thermodynamic parameters not available to researchers only a decade ago.
The thermodynamic parameters that will be used in the study include:
(1) Convective Available Potential Energy (J kg-1) (CAPE)
(2) 0-3 km Convective Available Potential Energy (J kg-1) (0-3 km CAPE)
(3) 0-1 km Storm Relative Helicity (m2 s-2) (0-1 km SRH)
(4) 0-3 km Storm Relative Helicity (m2 s-2) (0-3 km SRH)
(5) 0-1 km Energy-Helicity Index (0-1 km EHI)
(6) 0-3 km Energy-Helicity Index (0-3 km EHI)
(7) Lifting Condensation Level (meters AGL) (LCL)
(8) Level of Free Convection (meters AGL)(LFC)
(9) Convective Inhibition (J kg-1) (CIN)
CAPE
Convective Available Potential Energy (CAPE) is considered the best index for
measuring latent instability in the atmosphere (Darkow 1986). CAPE is a representation
of the amount of buoyant energy available to accelerate a parcel vertically, or the amount
of work a parcel does on the environment. CAPE is computed as an integration between
the environmental temperature curve and the trace of a vertically moving parcel between
the level of free convection and the equilibrium level. In order for CAPE to be positive
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(B+), a parcel must be warmer than its surrounding environment. Severe thunderstorms
and tornadoes are generally associated with higher values of instability than ordinary
thunderstorms (Konvicka 1988). CAPE values can range between 0 J kg-1 to sometimes
over 7,000 J kg-1.
Weisman and Klemp (1986) found that CAPE values greater than 1,500 J kg-1
usually represent the potential for deep convection. Davies (2001) found that tornadic
storms have larger amounts of CAPE as compared to nontornadic storms. The results of
Edwards and Thompson (2000), which agreed with Davies findings, found that CAPE
values greater than 3,500 J kg-1 were more prevalent around tornadic supercells. In
addition, Rasmussen and Blanchard (1998) found significant differences between
ordinary thunderstorms and nonsignificant tornadoes and also between ordinary
thunderstorms and significant tornadoes. While CAPE only takes into account the
potential amount of energy in the atmosphere, it seems to have some value as a forecast
parameter for the prediction of supercells.
0-3 km CAPE
0-3 km CAPE is a relatively new forecast parameter that focuses on the amount of
buoyancy from the surface to three kilometers above ground level. Interestingly, the idea
for low-level CAPE began being studied due to findings about the relationship between
tornadoes and hurricanes. McCaul (1991) discovered the importance of tilting and
stretching within the lowest levels of hurricane-spawned supercells that produced
tornadoes. Rasmussen (2003) suggests that near-ground CAPE may promote a more
effective interaction between the low-level updraft and the low-level shear, which thereby
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increases the stretching in the updraft. Extensive research has not been conducted on this
parameter, but studies that have focused on low-level CAPE show that this parameter
may be a positive addition with respect to forecasting tornadoes.
A study by Davies (2001) found significant 0-3 km CAPE separation with respect
to the data distribution (Figure 2.1) between significant tornadoes and nontornadic
supercells, and the results strongly suggest that tornadic storms have more low-level
CAPE in their environments. Contrastly, the results from Rasmussen and Blanchard
(1998) suggest that low-level CAPE has little value in discriminating between tornadic
and nontornadic supercells but instead is a better discriminator between significant
tornadoes and nonsignificant tornadoes. Davies (2002) second study on 0-3 km CAPE
suggests that low-level CAPE is a strong discriminator between tornadic and nontornadic
supercells but, unlike his first study, not good for differentiating between significant and
nonsignificant tornadoes.
Davies (2001) found that 0-3 km CAPE values greater than 60 J kg-1 suggest the
potential for tornadic supercells and values greater than 90 J kg-1 suggest a heightened
potential for tornadoes. The results of Rasmussen (2003) found a median 0-3 km CAPE
value of 64 J kg-1 for significant tornadoes and 24 J kg-1 for nonsignificant tornadoes.
Rasmussen also suggests that tornadoes, especially significant tornadoes, do require at
least some low-level CAPE. While these two studies disagree somewhat, it can be
implied that greater low-level CAPE values may increase the risk for tornado potential.
While very few studies have focused on 0-3 km CAPE, it is critical that more research be
conducted to determine its potential usefulness in tornado forecasting.
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Figure 2.1. 0-3 km CAPE box and whiskers plot showing the relationship
between nontornadic supercells (non tor) and significant
tornadoes (F2-F5). (Davies 2001)
0-1 km SRH
Storm relative helicity (SRH) is a widely used index by forecasters to predict
severe weather, especially supercells and tornadoes (Thompson et al. 2004). Markowski
et al. (1998) define SRH as the amount of streamwise vorticity available for ingestion
into a thunderstorm, and in this case, the storm-relative wind and streamwise vorticity
would be measured from the surface to one kilometer above ground level (AGL).
Markowski et al. (1998) suggest that helicity values vary both spatially and temporally
therefore, making 0-1 km SRH nearly impossible to truly measure. Regardless, more
emphasis is being placed on the lowest levels of thunderstorms with regards to producing
tornadoes. In fact, recent findings on the importance of mesoscale boundaries conducive
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to helicity development suggest that near-ground layers are more important in affecting
the development of supercells and tornadoes (Rasmussen 2003).
SRH measured in the lowest levels of the troposphere may help forecasters discern
tornadic supercells (including significant and nonsignificant tornadoes) from nontornadic
supercells. Generally, higher SRH values tend to favor the development of tornadic
supercells when matched with positive buoyancy. A study conducted by Rasmussen and
Blanchard (1998) found that 0-1 km SRH is a good indicator of discriminating between
tornadic supercells and nontornadic supercells. Rasmussen (2003) also found that tornado
soundings preferentially have larger 0-1 km SRH than any other measured SRH level,
and 0-1 km SRH is of more value in distinguishing between tornadic and nontornadic
supercells. This parameter may not have a regional bias, and in fact, Monteverdi et al.
(2003) found that F1 and F2 rated tornadoes in California have significantly higher 0-1
km SRH values than nontornadic supercells or F0 tornadoes. 0-1 km SRH may also be a
useful discriminator between significant and nonsignificant tornadoes (Edwards and
Thompson 2000 and Davies 2001); (Figure 2.2). When combined with abundant lowlevel moisture, a majority of significant tornadic supercells were associated with 0-1 km
SRH values greater than 75 m2 s-2 (Thompson et al. 2003). Also, Thompson et al. (2002)
found a majority of significant tornadoes occurred with 0-1 km SRH in excess of 100 m2
s-2. Many researchers suggest that with respect to low-level wind shear, 0-1 km SRH may
be the best parameter to assess supercell and tornado potential. However, Rasmussen
(2003) concludes that it is possible that an even more shallow layer (below one
kilometer) may be the key to forecasting tornadoes.
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Figure 2.2. 0-1 km SRH box and whiskers plot between significant nontornadic
supercells (Nontor), nonsignificant tornadoes (nonsigTor), and
significant tornadoes (SigTor). (Edwards and Thompson 2000)
0-3 km SRH
This parameter is calculated in the same manner as 0-1 km SRH except this index
is measured from the surface to three kilometers above ground level. It should be noted
that a high SRH value does not imply a high potential for supercells and tornadoes.
Instead, many other parameters must be analyzed, in conjunction with one another, in
order to determine supercell and tornado potential. When the right ingredients come
together to produce thunderstorms, helicity usually governs the type of storms that will
form (i.e. multicells, squall lines, and/or supercells).
When first identified in 1990 and many years later (Davies-Jones et al. 1990), 0-3
km SRH was the primary shear parameter used to forecast supercells and tornadoes.
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While still used by forecasters today, recent research shows that 0-3 km SRH is more of a
utility in distinguishing between supercells and ordinary thunderstorms (Rasmussen
2003). A study conducted by Davies (2001) found that much higher helicity values were
found to occur with tornadic supercells than nontornadic supercells. Davies-Jones et al.
(1990) found that weak tornadoes had a mean 0-3 km SRH value of 278 m2 s-2, strong
tornadoes had a mean value of 330 m2 s-2, and violent tornadoes had a mean value of 531
m2 s-2. However, Davies (2002) notes that significant tornadoes can occur when 0-3 km
SRH is weak (less than 100 m2 s-2), especially if large low-level buoyancy is available
and small-scale boundaries are present, which would increase local SRH values. While 03 km SRH may not be as helpful with identifying tornado environments as 0-1 km SRH,
it still shows importance when forecasting supercells.
0-1 km EHI
The energy-helicity index (2-1) is the product of an empirical formula that
combines CAPE and SRH where SRH is calculated from the surface to one kilometer
above ground level (Davies 1993).
EHI0-1 = (CAPE) (SRH0-1) / 160,000 (unitless)

(2-1)

Rasmussen and Blanchard (1998) found that the combination of CAPE and low-level
shear were better forecast parameters than shear or CAPE alone. 0-1km EHI is
substantially better at distinguishing between significant tornadoes and nonsignificant
tornadoes (Rasmussen 2003). This agrees with the findings of Edwards and Thompson
(2000), which shows a mean 0-1 km EHI value of 2.4 for significant tornadoes, and 1.1
for nonsignificant tornadoes. Nearly two-thirds of significant tornado soundings had 0-1
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km EHI values greater than 0.5, whereas 75% of nonsignificant tornadoes had values less
than 0.5. Using Rapid Update Cycle-2 (RUC-2) model proximity soundings, Thompson
et al. (2003) found statistically significant differences in mean values for all types of
storm groups (significant tornadoes, nonsignificant tornadoes, supercells, marginal
supercells, and regular thunderstorms). Like 0-1 km SRH, 0-1 km EHI seems to be the
best forecast parameter to distinguish between significant tornadoes and nonsignificant
tornadoes. In fact, Rasmussen (2003) found that of all the parameters incorporated into
his study, 0-1 km EHI and SRH respectively are the most optimal parameters to use to
discriminate between significant tornadoes and nonsignificant tornadoes. However,
caution should be given to this forecast parameter as the EHI value can be inflated due
high CAPE/low shear or low CAPE/high shear environments. When using this parameter,
forecasters should compare the instability and the shear to determine if there is a balance
or an imbalance in the EHI value.
0-3 km EHI
0-3 km EHI (2-2) is calculated exactly like 0-1 km EHI, except 0-3 km SRH is
used in the formula.
EHI0-3 = (CAPE) (SRH0-3) / 160,000 (unitless)

(2-2)

It is generally understood that an increase in EHI serves to increase the possibility of
tornadoes (significant or nonsignificant). While this parameter still has value in
discriminating between significant tornadoes and nonsignificant tornadoes, it may best be
used to discriminate between tornadic supercells and nontornadic supercells. As shown
by Rasmussen (2003), 0-3 km EHI is better at discriminating between tornadic supercells
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and general thunderstorms than between significant and nonsignificant tornadoes.
However, a previous study by Rasmussen and Blanchard (1998) found that 0-3 km EHI is
a good discriminator of significant tornadoes, nonsignificant tornadoes, and non-severe
thunderstorms. The researchers found that 10% of non-severe thunderstorms have EHI
values greater than 0.77. Contrastly, 40% of non-significant tornadoes have EHI values
greater than 0.77 and 67% of significant tornadoes are associated with EHI values greater
than 0.77.
A study conducted by Davies (2001) is in similar agreement with the earlier study
by Rasmussen and Blanchard (1998) and suggests 0-3 km EHI may be equally as strong
of a discriminator between significant and nonsignificant tornadoes as 0-1 km EHI.
While there seems to be conflicting findings with respect to 0-3 km EHI, the most recent
research (after 1999) suggests that the 0-3 km level is not as discriminating as the 0-1 km
with respect to significant versus nonsignificant tornadoes. As discussed above, Edwards
and Thompson (2000) and Thompson et al. (2003) seem to favor 0-1 km EHI over 0-3
km EHI when differentiating between significant tornadoes and nonsignificant tornadoes.
Like 0-1 km EHI, caution should be used with 0-3 km EHI values since they may be
inflated due to high CAPE/low shear or low CAPE/high shear.
Lifting Condensation Level
Another relatively new severe weather forecast parameter being studied is the
lifted condensation level, the LCL is the level (given in meters above ground level) at
which saturation occurs from a parcel forced to rise. The importance of LCL heights may
be linked to the amount of evaporational cooling that takes place underneath the updraft
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of a supercell. Relatively high LCL heights are associated with lower boundary layer
moisture which may allow for greater evaporation, and therefore, more low-level cooling,
which would lead to stronger outflow as suggested by Rasmussen and Blanchard (1998).
Contrastly, lower LCL heights are characterized by higher PBL moisture which should
help may prevent the disruption of the low-level mesocyclone. In fact, supercells in
environments with high dew point depressions, high LCL heights, large CAPE, and
strong shear often don’t produce tornadoes as noted by Edwards and Thompson (2000).
Every study using the LCL height suggests that tornadoes are more likely to occur
with decreasing LCL heights (Rasmussen and Blanchard 1998; Edwards and Thompson
2000; Davies 2001; Craven and Brooks 2002). Not only is the LCL height a good
discriminator between tornadic and nontornadic supercells, but also seems to have some
value in discriminating between significant tornadoes and nonsignificant tornadoes
(Figure 2.3). The results from Rasmussen and Blanchard (1998) showed that half of the
significant tornado soundings had LCL heights below 800 meters, and nearly half of the
nonsignificant tornado soundings had LCL heights below 1200 meters. The results of
Edwards and Thompson (2000) indicated that the LCL height of significant tornadoes
was half that of nontornadic supercells. Their results also showed the mean LCL height
for significant tornadoes was 600 meters and 1000 meters for nonsignificant tornadoes.
Interestingly, no significant tornadoes occurred in their study when the LCL height was
greater than 1500 meters.
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Figure 2.3. LCL height box and whiskers plot showing the relationship
between nontornadic supercells (Nontor), nonsignificant tornadoes
(nonsigTor), and significant tornadoes (SigTor).
(Edwards and Thompson 2000)
The results from Davies (2001) agree with the above studies but he also notes that
the strongest tornadoes in his study occurred with LCL heights below 1000 meters. The
results of Craven and Brooks (2004) are also consistent and show that 75 percent of
significant tornadoes occurred with LCL heights below 1200 meters. It is therefore, a
reasonable assumption to suggest that tornadoes are more likely in environments with
lower LCL heights. It then follows that higher LCL heights (less PBL moisture) may play
a pivotal role in undercutting the mesocyclone, and thereby, decreasing the tornado
potential.
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Level of Free Convection
The level of free convection is the height above ground level that a parcel
becomes warmer than the environment and begins to rise toward the equilibrium level
(the height where the parcel’s temperature again equals the environment). Unlike LCL
heights, this parameter has been studied for severe weather forecasting since the 1980s.
However, like LCL heights, little research has been conducted on this parameter to
determine its usefulness in tornado forecasting. This parameter seems to be a very good
discriminator between tornadic environments and nontornadic environments. The
importance of this parameter is that it can give a forecaster an idea as to whether
convection is elevated or surface-based.
The term elevated convection was defined by Colman (1990) as convection that
has no surface-based CAPE. Generally, as LFC heights increase so does the potential for
elevated convection and a decrease in LFC heights indicates that convection is or may
become rooted in the PBL. It has been suggested that tornadoes are less likely when
supercells are elevated (Rasmussen and Blanchard 1998; Davies 2004). The reason for
this reduction in tornadoes may be related to the importance of CIN (convective
inhibition) in that the stretching of a parcel in an updraft may be impeded due to an area
of negative buoyancy in the low-levels (Davies 2004). The distribution of CAPE in the
atmosphere is very important and may allow large low-level accelerations if it is located
closer to the surface (McCaul 1991), which might be pivotal in the process of
tornadogenesis.
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Researchers have also shown that LFC heights are a discriminator between
tornadic and nontornadic supercells and also significant and nonsignificant tornadoes
(Figure 2.4). While tornadoes were not implied, a study by Konvicka (1988) showed a
high statistical relationship between severe storm occurrence and LFC heights. In 90
percent of the cases Konvicka studied, the LFC was at or below 3000 meters. LFC
heights were shown to be a strong discriminator between significant tornadoes,
nonsignificant tornadoes, and nontornadic storms; this was especially true between
significant tornadoes and nontornadic storms (Davies 2001). In fact, LFC heights for
tornado soundings were typically below 2000 meters with many below 1600 meters. The
results of Rasmussen and Blanchard (1998) are consistent with Davies in regards to
discrimination between tornadic and nontornadic storms, but LFC heights did not prove
to be a good discriminator between significant tornadoes and nonsignificant tornadoes. A
later study by Davies (2002) showed that of 57 supercells studied, when the LFC height
was greater than 2200 meters, only two significant tornadoes occurred. Consistent results
were shown again by Davies (2004). In short, LFC heights do have value in
discriminating between significant and nonsignificant tornadoes. Only ten percent of the
time did significant tornadoes occur when the LFC height was greater than 3000 meters.
While it is debatable whether LFC heights have value in forecasting significant tornadoes
and nonsignificant tornadoes, there is convincing evidence that low LFC heights increase
the potential for tornadoes (given adequate instability and shear).

20

Figure 2.4. Box and whiskers plot of LFC heights and relationship to nontornadic
supercells (non tor), nonsignificant tornadoes (F0-F1), and significant
Tornadoes (F2-F5). (Davies 2002)
Convective Inhibition
With respect to low-level thermodynamics very little research has been conducted
to determine the usefulness of LFC heights and convective inhibition (CIN). While
CAPE represents the amount of positive energy available for an air parcel to rise, CIN
represents the amount of negative energy available to suppress an air parcel from rising to
the LFC. The larger the CIN, the greater the work required to lift the parcel to the LFC to
get it to rise. CIN and LFC heights are similar in that they can help determine if an
environment is supportive of elevated or surface-based convection. Davies (2003) and
Rasmussen and Blanchard (1998) suggest that environments with large CIN tend not to
produce tornadoes, especially significant tornadoes.
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Some of the earliest research from Rasmussen and Blanchard (1998) about the
application of CIN to tornado forecasting found that three-fourths of significant tornadoes
occur with CIN values less than 21 J kg-1, and 60 percent of nonsignificant tornadoes
were found to occur with values greater than 21 J kg-1. Davies (2004) found that CIN
values between 50 and 100 J kg-1 tend to inhibit the development of significant tornadoes.
Davies’ data also revealed that when CIN values exceeded 150 J kg-1, only one
significant tornado occurred. This study is consistent with a previous study by Davies
(2002) that found only two significant tornadoes when CIN values were greater than 125
J kg-1 and in 84 percent of the cases no tornadoes occurred with values this high.
It makes sense that if parcels are becoming buoyant well above a layer of negative
energy, it will take an even greater amount of vertical stretching to produce tornadoes.
Significant vertical pressure gradient forces may allow surface parcels to rise past the
LFC when large CIN is present (Rotunno and Klemp 1982). Davies (2004) suggested that
increases in low-level shear, specifically in the 0-1 km area, might allow for tornadoes to
develop even when CIN is large.

CHAPTER III
DATA AND METHODS
Tornado Data
The tornado data used in this study are collected from the Historical Severe
Report Database compiled by Storm Prediction Center (SPC). This comprehensive
database lists specific information regarding each tornado event including the month,
day, year, and time of the event, the state in which the event occurred, Fujita scale rating,
length, width, fatalities, injuries, and beginning latitude and longitude (Table 3.1).
Inherent flaws with any tornado-related study are going to be with the tornado data itself
and population bias. For a tornado or any other severe weather event to be recorded, an
observer must report it. How densely or sparsely populated an area is has an effect on
whether or not an event is observed (Kelly et al. 1985). Obviously, if severe weather
occurs in sparsely populated areas, it’s quite common for nothing to be reported, and
events may be over-reported in densely populated areas. Also, when severe weather is
reported, human error and lack of proper training can sometimes inaccurately skew the
data. Subjectivity is a serious negative impact, as one person may view a true severe
weather event as an insignificant event. In addition, improper storm training can also lead
to inaccurate reporting of severe weather. Some nonsevere events, such as virga
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(precipitation that evaporates before reaching the Earth), may be incorrectly reported as a
tornado.
Table 3.1. Spreadsheet format of select tornado events from a larger database.
Month
12
1
3
3
4
1
5
2
4
Length
47.0
17.0
2.1
0.5
2.0
0.3
6.5
9.0
14.5
7.0

Day
19
10
7
18
2
14
6
24
18
Width
23.5
5.0
0.3
1.0
0.2
0.2
2.3
4.5
3.7
2.5

Year
Time (UTC)
1974
2230
1975
2213
1975
2330
1975
2319
1975
2330
1976
104
1976
2230
1977
100
1978
2315
Fatalities
Injuries
0
2
1
13
0
0
0
0
0
1
0
0
0
0
3
32
1
4
0
0

State
AL
AL
AL
AL
AL
AL
AL
AL
AL
Latitude
32.56
33.89
32.22
33.50
33.10
32.33
32.21
32.90
33.10
33.15

F Rank
F3
F3
F0
F1
F1
F2
F2
F2
F2
Longitude
-87.12
-87.37
-88.12
-88.62
-86.90
-87.53
-87.67
-88.05
-87.95
-87.88

Created in 1971, the F-Scale (Fujita 1971) contains numerous and welldocumented flaws. Namely the scale was designed to rank tornado damage according to
wind speeds (Table 3.2). The largest problem with this is that true tornado wind speeds
are unknown and have never been tested and proven scientifically, including the wind
speeds assigned to each F-scale rating. Another flaw arises when damage surveys are
needed to estimate the tornado damage. The chief problem with this is that not every
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building is built to the same specifications. Therefore, a wind speed that destroyed one
structure may not destroy another structure. Finally, it is impossible to accurately rate a
tornado that does not cause damage. For example, if a large tornado does not hit any
damage markers, it is typically rated as an F0 or F1.
The Fujita Scale has not always been met with adversity, especially when it was
first introduced. In fact, Fujita assigned word descriptions and photographs to each Fscale category, which proved to be convenient since scientists did not know how to
accurately rank tornadoes before the 1970s. Meteorologists would analyze photographs
of tornado damage and assign a ranking based on the type of damage that appeared.
Fortunately, a team of engineers has been working on devising a new scale known as the
Enhanced F-Scale (McDonald 2002) that will classify damage according to structure type
(well anchored wood-frame home, outbuilding, school, etc.) and the laboratory tested
wind speeds on the structure.
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Table 3.2. Fujita-Pearson Tornado Damage Scale (applied in this study). (Fujita 1971).
F-Scale Rating

Wind Estimate (km/h)

F0

64 - 116

F1

117 - 180

F2

181 - 253

F3

254 - 332

F4

333 - 418

F5

419 - 512

Typical Damage
Minimal. Some damage to
chimneys, TV antennas,
roof shingles, trees, and
windows.
Moderate. Automobiles
overturned; carports
destroyed; and trees
uprooted.
Major. Roofs blown off
homes; sheds and
outbuildings demolished;
and mobile homes
overturned.
Severe. Exterior walls and
roofs blown off homes;
metal buildings collapsed or
severely damaged; and
forests and farmland
flattened.
Devastating. Few walls, if
any standing in well-built
homes; and large steel and
concrete missiles thrown far
distances.
Incredible. Homes leveled
with all debris removed;
schools, motels, and other
larger structures have
considerable damage with
exterior walls and roofs
gone; and top stories
demolished.
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Tornado event data for this study are extracted for the years between 1960 and
2002 for the Southeast U.S. states of Alabama, Arkansas, Georgia, Louisiana,
Mississippi, and Tennessee, often referred to as “Dixie Alley” (Hurley 2003). The
primary reason for choosing this study period is tornado event and thermodynamic data
availability. In addition, this study period was chosen because it is the most accurate time
period for tornado statistics in United States history. It should be noted that tornado
climate studies researched by many individuals and government agencies commence in
1950.
The study region (i.e. the Southeast U.S.) was chosen due to a deficiency of
severe weather research in most regions outside of the well-recognized and studied
Tornado Alley in the Great Plains (northern Texas, Oklahoma, Kansas, and Nebraska) of
the United States. The Southeast also has a well recognized tornado threat. Therefore, the
Southeast U.S. region was chosen in hopes that lives and property can be saved with a
more comprehensive knowledge of the low-level thermodynamic parameters used for
tornado forecasting. It is anticipated that National Weather Service Forecast Offices
(NWSFO) will adopt this study as an aid in forecasting and recognizing tornadic
environments.
Temporal Distribution
The months between October and May were included in the study as this is when
the most favorable synoptic pattern for tornadoes exists in the Southeast. During these
months (October-May), three air streams typically aid in the development of
thunderstorms and tornadoes. The low-level jet transports moisture northward from the
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Gulf of Mexico, providing sensible and latent heat instability, a necessary ingredient for
the formation of clouds and ultimately thunderstorms. A warm, dry mid-level flow from
the Mexican Plateau causes high mid-level dew point depressions, which enhances
evaporational cooling potential and steepens lapse rapes. The upper-level jet allows for
the evacuation of a thunderstorm’s mass, which helps a storm sustain itself. The months
between and including June and September were excluded since the jet stream is
typically located in the Northern U.S. Because the jet stream is located well north of the
Southeast U.S., there is a decrease in the amount of vertical shear needed for the
development of mesocyclone induced tornadoes like those occurring between October
and May (NWS Morristown). Although tornadoes do occur during the summer months,
most are formed solely by extreme instability and mesoscale boundaries (outflow). Many
Southeast U.S. tornadoes occur during the spring months of March and April. However, a
secondary maximum of tornado occurrence in the Southeast is prevalent during the cool
season months, particularly November and early December (Gerard et al. 2005).
Due to the availability of thermodynamic data, the tornado dataset will further be
reduced. A time interval of +/- 2 hours from 0000 UTC will be used since, most
tornadoes occur during the late afternoon and early evening hours (Figure 3.1). The late
afternoon maximum is due to more solar insolation during the afternoon hours, which
results in higher amounts of energy that thunderstorms require in order to develop and
strengthen. Again, the importance of constricting the time interval is to obtain the most
representative and accurate thermodynamic data possible.
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Figure 3.1. Hourly distribution of tornadoes in the United States,
1950-1989. (Grazulis 1993)
Spatial Distribution
Tornado event data will be plotted by latitude and longitude using GIS (Esri,
2001). This spatial distribution of the data will make it possible to determine the distance
of each tornado event from the balloon sounding sites. To obtain the most accurate results
for this study, only tornado events within 161 km (100 mi) of an individual sounding site
were used (Brooks and Craven 2002). This maximum tornado – balloon distance method
will result in more accurate representation of the environment in which the tornado
occurred.
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Tornado Dataset Development for Statistical Analysis
The key step for this process will be to use the temporal and spatial tornado data
to partition the dataset into a working sample size. The final result will be a dataset that is
divided into weak and strong tornado events. The first consideration will be to choose the
study region (Southeast U.S.) and the study period (1960-2002). Temporal considerations
that will be made include the months and time of day to be used in the study. As
previously mentioned, the months between October and May will be used since these
months are when the most synoptically representative tornado environment exists in the
Southeast. Using a time interval +/- 2 hours from 0000 UTC will be used since most
tornadoes occur during the late afternoon and early evening hours.
An important spatial consideration will be to choose the distance between a
tornado event and a sounding site. This study will use a radius of 161 km from a
sounding site and plus or minus two hours from 0000 UTC (2200 – 0200 UTC). The
criteria used are an integration of ideas from Brooks and Craven (2002) and Thompson et
al. (2003) along with some minor conservative constrictions of each (Table 3.3). Next,
the spreadsheet will be imported into the GIS to eliminate any tornado events that do not
fall within 161 km from a sounding site. The sounding sites that will be used include
Birmingham and Centreville, AL; Little Rock, AR; Athens and Peachtree City, GA; Lake
Charles, Shreveport, and Slidell, LA; Jackson, MS; and Nashville, TN.
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Table 3.3. Proximity sounding criteria comparison.
Brooks and Craven (2002)
185 km from site
+/- 3 hours from
0000 UTC

Thompson et al. (2003)
40 km from site
+/- 3 hours from
1200 and 0000 UTC

Jackson
161 km from site
+/- 2 hours from
0000 UTC

RAOB Data
The thermodynamic data for this study will be extracted from the North American
Historical Radiosonde Database developed by the National Climatic Data Center
(NCDC). Each file contains raw temperature, moisture, and wind data that are measured
by weather balloons twice daily. These weather balloons are released at select National
Weather Service offices at 0000 and 1200 UTC, although a balloon is typically launched
an hour prior to each of the official reporting times. 0000 UTC soundings will be
extracted from the useable tornado event data set (161 km from sounding site and plus or
minus two hours from 0000 UTC).
RAOB Dataset Development for Statistical Analysis
Upon completion of the tornado dataset, RAOB data will be extracted to
determine the thermodynamic parameters associated with each tornado event. Another
crucial consideration of this study will be to determine the best parameters in order to
assess the low-level thermodynamic environment. The thermodynamic parameters that
will be used in this study are: surface-based convective available potential energy
(SBCAPE), 0-3 km convective available potential energy, 0-1 and 0-3 km storm relative
helicity (SRH), 0-1 and 0-3 km energy helicity index (EHI), lifting condensation level
(LCL) height, level of free convection (LFC) height, and convective inhibition (CINH).
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SBCAPE represents the total potential energy available to an air parcel lifted from the
surface. 0-3 km CAPE represents the total potential energy available in the lowest three
kilometers above ground level. 0-1 and 0-3 km SRH represent values for a rotating,
horizontal tube of air that can potentially be ingested into the updraft of a thunderstorm.
0-1 and 0-3 km EHI are computational indices that combine instability and shear in the
lowest one and three kilometers above ground level. The lifting condensation level is the
height at which an air parcel becomes saturated. The level of free convection is the height
at which an air parcel becomes warmer than its surrounding environment and can rise
freely to its equilibrium level. Convective inhibition is the negative amount of energy that
must be overcome for surface lifting to commence.
Individual thermodynamic parameters will be derived using the Rawinsonde
Observation Program 5.2 (RAOB ©) for Windows. This program is designed for users to
import raw radiosonde data into the program, which after the data has been imported,
displays a Skew-T Log-P diagram. This RAOB program also calculates a large number of
commonly used atmospheric stability and shear indices, which can be used to analyze the
stability and associated shear environment. Prior to importing raw data, another
consideration has to be made with regards lifting the parcel. In this study, the surfacebased parcel method (Figure 3.2) will be chosen since it generally gives a good
representation of the potential for surface-based convection (Bunkers et al. 2002). Since
Markowski, Rassumusen, Thompson and others have shown that tornadoes are less
common in elevated environments, the surface parcel method was chosen. Markowski et
al. (2002) suggested that surface-based parcels are the most important with regards to
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tornadic supercell formation. Also, Thompson et al. (2003) used the surface based parcel
method for a similar study in the Great Plains. Other parcel choice considerations include
the mean layer CAPE and most unstable CAPE methods. Mean layer CAPE (Figure 3.3)
defines the lowest 100 mb of the lifted parcel level and can be used to assess surfacebased and elevated instability. The value calculated defines the depth of the lower layer
used to determine the mean mixing ratio when calculating the cloud condensation level
(RAOB Workbook). The most unstable CAPE method (Figure 3.4) is the level with the
highest wet bulb potential temperature (RAOB workbook). Generally, this defines the
lowest 300 mb of the lifted parcel level, and most unstable CAPE is used primarily to
assess elevated instability. It should also be noted that the virtual temperature correction
for CAPE and CIN calculations (Doswell and Rasmussen 1994) will not be used since
much debate exists about its usefulness. In addition, Colquhoun and Riley (1996)
compared CAPE values with and without the virtual temperature and both sets of data
showed strong correlation coefficient (r2 = 0.996), which suggests neglecting the virtual
temperature should still yield accurate results.
During the final step, individual spreadsheets for the six states will be created for
use in this study. Each spreadsheet will contain the month, day, year, time, and F-scale
rating of every tornado event. In addition to the tornado information, the spreadsheet will
also contain the thermodynamic parameters CAPE, 0-3 km CAPE, 0-1 and 0-3 km SRH,
0-1 and 0-3 km EHI, LCL height, LFC height, and CIN for each tornado event.
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Figure 3.2. Example of surface parcel trace using RAOB 5.2.
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Figure 3.3. Example of mean layer parcel trace using RAOB 5.2.
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Figure 3.4. Example of most unstable parcel trace using RAOB 5.2.
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Statistical Analysis
Descriptive Statistics
Regional and state means and standard deviations will be calculated for the entire
study period to show any pattern(s) with the thermodynamic data. The entire study region
and each state will be displayed using box and whisker plots. The significance of these
statistical analyses will be to show any spatial variation within the dataset exists.
Analytical Statistics
The dataset will be further discriminated by examining tornado strength. The
current tornado classification scale being used is the Fujita-Pearson scale. This study will
discriminate between non-significant (F0 and F1) and significant (F2 – F5) tornadoes. Ttests between these groups for each thermodynamic parameter will be performed in order
to indicate potential thermodynamic differences between tornado strengths, which may
aid in better forecasting (similar to Brown 2002 and Davis et al. 1997).

CHAPTER IV
RESULTS AND DISCUSSION
Tornado Data: Temporal Distribution
Not surprisingly, the temporal distribution of tornado events in the Southeast was
similar to work done by Grazulis (1993) and Call (2003). The Southeast is a unique
region that experiences two distinct tornado seasons caused by the favorable synoptic
pattern for tornadoes between March and May and again in the late fall (NovemberDecember). As previously mentioned, the summer months were excluded from the study
due to a relative minimum of tornadoes as indicated by Figure 4.1. The hourly
distribution of tornadoes in the region (Figure 4.2) indicates a late afternoon maximum
due to increased sensible energy available for thunderstorms and potentially tornadoes. A
decline in tornado activity occurs just after sunset with the loss of incoming solar
radiation. The hourly distribution using the proximity sounding time constrictions also
shows that a large number of tornadoes occur just before sunset with a decline occurring
after sunset (Figure 4.3). Again, a key component of this study was to use sounding data
as close as possible to maximum tornado occurrence time in order to sample the tornado
environment as accurately as possible.
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Monthly Distribution of Tornado Events
In Study Region, 1960-2002
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Figure 4.1. Monthly distribution of study region tornadoes, 1960-2002.

39

800

Hourly Distribution of Tornado Events
In Study Region, 1960-2002
Tornadoes

Tornado Events

600

400

200

0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Time (LST)

Figure 4.2. Hourly distribution of study region tornadoes, 1960-2002.

40

160

Hourly Distribution of Tornado Events
Using Proximity Soundings, 1960-2002
Tornadoes

140

Tornado Events

120
100
80
60
40
20
0
2200 UTC

2300 UTC

0000 UTC

0100 UTC

0200 UTC

Time (LST)

Figure 4.3. Hourly distribution of study region tornadoes using proximity sounding
criteria (+/- 2 hours from 0000 UTC), 1960-2002.
Spatial Distribution
In addition to a unique temporal tornado distribution, the Southeast also is
characterized by a unique spatial distribution. As shown in Figure 4.4, a maximum of
tornado activity was evident in the western part of the region (Central Arkansas, Northern
Louisiana, and Western Mississippi) along with a minimum of tornado activity in the
eastern part of the region (Eastern Tennessee and Northern Georgia). The current upperair observation stations for this study are shown in Figure 4.5, and it should be noted that
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stations such as Centreville, AL and Athens, GA have been excluded in this figure for
simplicity sake. It should also be noted that the upper-air sounding site in Springfield,
MO is used for tornado events in Northwest Arkansas, and the sounding sites in
Tallahassee and Jacksonville, FL are used for tornado events occurring in Southern
Georgia. Using proximity sounding constrictions eliminated all tornado events outside of
a radius of 161 km (100 mi) as seen in Figure 4.6.

Figure 4.4. Spatial distribution of all study region
tornado events that occurred, 1960-2002.
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Figure 4.5. Spatial distribution of current RAOB sites. (Other sites were used in the
calculation of proximity distances (ex. Centreville and Athens)).
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Figure 4.6. The spatial distribution of tornado events used after applying a proximity
sounding constriction of a 161 km radius (using current RAOB sites as
an example) from each sounding site, 1960-2002.
Tornado Dataset Development for Statistical Analysis
The first consideration of this study was to develop a study period and study
region. As stated above, tornado events in Alabama, Arkansas, Georgia, Louisiana,
Mississippi, and Tennessee were chosen between the years 1960 and 2002. Initially, this
returned 6054 tornado events. The months between June and September were eliminated
since the synoptic environment in the Southeast is not typically favorable for
supercellular tornadoes. After this was completed, the database decreased to 4989
tornadoes. One problem with the database is that it often contained multiple tornadoes
during one day. The simplest solution was to choose the strongest (highest F-scale rating)
tornado during the event. For example, if there were 20 tornadoes on one day, 19 of
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which were rated F0 and one that was rated F2, then the F2 tornado was used to
characterize the day. Since the F2 tornado was used, this day was deemed a significant
tornado day. Prior to conducting this study, it was determined that tornadoes would be
classified as nonsignificant (F0-F1) or significant tornadoes (F2-F5). After eliminating
multiple tornadoes within a day, the database decreased to 1559 representative tornado
event days.
Temporal and Spatial Proximity
The basic process behind a proximity sounding is to find tornado events that
occur as close as possible to a sounding site and as close as possible to official sounding
release times. A two-hour time interval from 0000 UTC (2200 – 0200 UTC) was chosen,
which further reduced the sample size to 1121. Next, GIS was used in order to eliminate
tornadoes that did not fall within the specified proximity sounding area of 161 km. After
eliminating the tornadoes outside of this area, a dataset of 500 tornado events was
returned.
RAOB Data
RAOB Dataset Development for Statistical Analysis
After the tornado dataset was completed, the entire sample was analyzed using the
RAOB program in order to determine the thermodynamic indices for each tornado event.
A few minor problems were encountered, including an absence of RAOB data in
Alabama until 1974. PPBB data, which is raw significant wind data for various heights in
the troposphere, was excluded for all sites in the raw radiosonde observation until 1980;
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therefore, no accurate 0-1 km SRH or EHI values were available until then. In addition,
some subjectivity was necessary in determining whether to include or exclude some
soundings. Similar to Rasmussen and Blanchard (1998), non-zero CAPE soundings were
excluded in the study since it is widely accepted that tornadoes need at least some
positive buoyancy (Moncrief and Miller 1976). Soundings that appeared contaminated by
rain or thunderstorms were also excluded since they would not accurately portray the
tornado environment. Finally, any sounding that appeared to indicate a cold frontal
passage (surface cold air advection, low moisture content, and west/northwest winds) at
the time of the balloon release was excluded from the study. After the thermodynamic
data was collected and documented, each state’s spreadsheet was combined to make a
master spreadsheet with tornado event information and thermodynamic parameter values
(Table 4.1). The final tornado sample size was 350 events.
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Table 4.1. Example format of thermodynamic parameter spreadsheet.
Mo.

Day

1
10
3
7
4
2
1
14
4
18
4
25
5
31
1
3
11
14
0-1
0-3
SRH SRH
115 174
90
103
107 116
278 339
131 142
71
82
144 163
325 380
339 370

Yr.

Time Rating CAPE
F3
F0
F1
F2
F2
F0
F1
F2
F0
LCL

1045
681
215
1156
3409
1392
3128
1276
897
LFC

0-3
CAPE
64
77
3
11
225
88
158
6
13
CIN

1975
1975
1975
1976
1978
1978
1979
1982
1983
0-1
EHI
1.0
0.3
0.1
2.3
4.2
0.4
1.8
2.9
3.8

2213
2330
2330
104
2315
200
200
2322
2330
0-3
EHI
1.1
0.4
0.3
3.0
4.5
0.5
3.0
4.2
4.1

591
689
454
269
1072
1373
521
417
251

1693
1608
2560
2321
1225
1697
1009
2274
3175

-57
-17
-296
-73
-15
-3
-36
-115
-127

Statistical Analysis
Descriptive and Analytical Statistics
Statistical tests were calculated in order to show patterns with respect to the
thermodynamic data. All state and regional means and standard deviations were
calculated, and box and whisker graphs were calculated to show variation between each
thermodynamic parameter for significant and nonsignificant tornadoes. Each box and
whisker graph contains a shaded box with the top line representing the 75% quartile and
the bottom line representing the 25% quartile. The line in the middle of the box is the
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median or 50% quantile. The top whisker represents the 90% quantile and the bottom
whisker represents the 10% quantile. Any dots that appear in the graph indicate 95% of
the data for the uppermost dot and the bottom 5% of the data for the lowermost dot.
Southeast U.S.
The regional statistics for mean and t-test information (T and P values and
Significance) are indicated in Table 4.2. Not surprisingly, CAPE is higher for significant
tornadoes than nonsignificant tornadoes, but the box and whisker graph (Figure 4.7)
shows only slight data distribution offset between significant and nonsignificant
tornadoes. These results agree with the findings of Davies (2001) with the exception
being smaller amounts of CAPE in the Southeast. An intra-regional comparison of CAPE
between significant and nonsignificant tornadoes (Figure 4.8) shows that mean CAPE is
much larger for nonsignificant tornadoes in Tennessee than for significant tornadoes.
CAPE values are slightly larger for significant tornadoes in all other states than
nonsignificant tornadoes, so therefore, mean CAPE for Tennessee may be an offsetting
factor. 0-3 CAPE was higher but not overwhelmingly higher for significant tornadoes
than nonsignificant tornadoes. In addition, the box and whisker graph (Figure 4.9) is
nearly identical to CAPE with a large percentage of data of overlap. These results
disagree with Rasmussen (2003) and Davies (2001) but are more in line with the results
of Rasmussen and Blanchard (1998). An intra-regional comparison of 0-3 km CAPE
between significant and nonsignificant tornadoes (Figure 4.10) shows that Tennessee
may again be narrowing the differences of the regional data. Student t-tests assuming
equal variance were calculated for CAPE and 0-3 km CAPE and were not significantly
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different for significant and nonsignificant tornadoes. Therefore, forecasters in the
Southeast should be wary if using instability alone as a discriminator of tornado strength.
Table 4.2. Low-level thermodynamic indices tested for significant
and nonsignificant tornadoes in the Southeast U.S.
Parameter

Sig. Mean

Nonsig.
Mean
CAPE
1592.857 1467.786
0-3 CAPE
70.101
61.471
0-1 SRH
209.300
142.127
0-3 SRH
239.858
196.276
0-1 EHI
2.162
1.238
0-3 EHI
2.912
1.645
LCL
824.711
798.846
LFC
1954.674 2076.783
CIN
-83.916
-106.107
*Indicates significance at p < 0.05
**Indicates significance at p < 0.01

T Value

P Value

0.965
0.932
4.180
2.850
3.770
4.940
0.603
-1.240
1.780

0.168
0.176
2.21E-05
0.002
1.13E-04
6.55E-07
0.273
0.108
0.038

Significance

**
**
**
**
*
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Figure 4.7. Box and whisker graph of CAPE associated with significant and
Nonsignificant tornadoes in the Southeast.
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Figure 4.8. Intraregional CAPE comparison between significant (Sig)
and nonsignificant tornadoes (Nonsig).
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Figure 4.9. Box and whisker graph of 0-3 km CAPE associated with significant
and nonsignificant tornadoes in the Southeast.
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Figure 4.10. Intraregional 0-3 km CAPE comparison between significant (Sig)
and nonsignificant tornadoes (Nonsig).
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The indices that show promise as useable discriminators are the shear (0-1 and 03 km SRH) and the instability and shear combination indices (0-1 and 0-3 EHI). As
expected, the mean values for both 0-1 and 0-3 km SRH are much higher for significant
than nonsignificant tornadoes. With respect to 0-1 km SRH, there is nearly a one quartile
offset between significant and nonsignificant tornadoes (Figure 4.11). These results
strongly agree with the findings of Rasmussen (2003), Thompson et al. (2002), Edwards
and Thompson (2002), and Davies (2001). While the quartile offset between 0-3 km SRH
is slightly less (Figure 4.12), there is still enough offset to show that significant tornadoes
generally ingest higher amounts of helicity than nonsignificant tornadoes. Again, these
results agree with the findings of Davies (2001) and Rasmussen and Blanchard (1998).
0-1 km EHI is nearly identical to 0-1 km SRH with nearly a quartile of offset between
significant and nonsignificant tornadoes (Figure 4.13). This is in line with the results of
Rasmussen (2003), Thompson et al. (2003) and Davies (2001). The same is true for the
box and whisker for 0-3 km EHI with nearly a one quartile offset between significant and
nonsignificant tornadoes (Figure 4.14). Again, this agrees with Thompson et al. (2003),
Davies (2001). T-tests for 0-1 km SRH and EHI and 0-3 km SRH and EHI were all
significant at alpha 0.01. Therefore, this study suggests that these parameters may be
good discriminators of tornado strength. This is especially true when instability and shear
are combined as has been noted by Rasmussen (2003), Davies (2001), Brooks and
Craven (2002), and Thompson et al. (2003). Forecasters in the Southeast should direct
special attention to any storm that is in or moving into an unstable and highly sheared
environment.
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Figure 4.11. Box and whisker graph of 0-1 km SRH associated with significant
and nonsignificant tornadoes in the Southeast.
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Figure 4.12. Box and whisker graph of 0-3 km SRH associated with significant
and nonsignificant tornadoes in the Southeast.
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Figure 4.13. Box and whisker graph of 0-1 km EHI associated with significant
and nonsignificant tornadoes in the Southeast.
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Figure 4.14. Box and whisker graph of 0-3 km EHI associated with significant and
nonsignificant tornadoes in the Southeast.
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One surprising result is that the mean LCL height for significant tornadoes is
slightly higher than for nonsignificant tornadoes. The results show that LCL heights may
be a poor discriminator for tornado strength in the Southeast. In addition, the t-test for
LCL height indicates no statistical significance. The mean LCL height for both tornado
strength types is very similar and may be due a quasi-homogenous moisture airmass that
gets entrained into the low pressure systems that produce tornadoes. Also, the box and
whisker graph for LCL heights show considerable overlap with respect to significant and
nonsignificant tornadoes (Figure 4.15). These results disagree with those of Thompson et
al. (2003), Brooks and Craven (2002), Edwards and Thompson (2002), and Davies
(2001). However, the results do agree with the above studies in that the mean LCL height
for significant tornadoes is below 1000 m AGL. The mean LFC height for significant
tornadoes is not much lower than the mean height for nonsignificant tornadoes. LFC
heights may have more value in discriminating between tornado strength than LCL
heights, but it is still not enough to warrant significance at the confidence levels of alpha
0.05 or 0.01. While there is significant overlap, the 90% quantile for nonsignificant
tornadoes extends higher up than the 90% quantile for significant tornadoes (Figure
4.16). This result disagrees with the findings of Davies (2001 and 2004) with the only
exception that the mean LFC height for significant tornadoes in the Southeast was below
2200 m AGL. One possible reason the LFC heights are so high in Southeast may be
attributed to weak lapse rates in the lowest levels of the troposphere. Since there is a
larger difference between the LCL and LFC heights for nonsignificant tornadoes, it’s no
surprise that the mean CIN value is higher for nonsignificant tornadoes than significant
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tornadoes. In fact, CIN differences between tornado groups is statistically significant at
alpha 0.05, suggesting that CIN may be useful as a tornado strength discriminator.
However, CIN shows considerable data overlap (Figure 4.17) suggesting more work may
be needed before forecasters can effectively use CIN. These results agree with Davies
(2004) but the graphs in this study show slightly more data overlap than his results.
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Figure 4.15. Box and whisker graph of LCL heights associated with significant and
nonsignificant tornadoes in the Southeast.
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Figure 4.16. Box and whisker graph of LFC heights associated with significant
and nonsignificant tornadoes in the Southeast.

61

Regional (CIN)

CIN (J/kg)

-600

-400

-200

0

Significant
Tornadoes
(F2 - F5)

Nonsignificant
Tornadoes
(F0 - F1)

CIN

Figure 4.17. Box and whisker graph of CIN associated with significant
and nonsignificant tornadoes in the Southeast.

62
Alabama
While it is well understood that tornadoes and their environments are not confined
to political boundaries, a state-by-state understanding of these environments may prove
useful to forecasters. It should be noted that there are less state level data, which will
diminish the effectiveness of statistical testing. Instead, one should look at trends within
and between the data at this level. Similar to the entire region, the instability indices are
higher for significant tornadoes than nonsignificant tornadoes in Alabama (Table 4.3).
Similarly, t-tests do not indicate any significance at this study’s confidence intervals for
CAPE or 0-3 km CAPE. The box and whisker plot for CAPE (Figure 4.18) shows some
data overlap, but clearly higher values of CAPE are associated with significant tornadoes.
The box and whisker graph for 0-3 km CAPE (Figure 4.19) shows an overlap except for
the 90% quantile. This graph also indicates that higher amounts of low-level CAPE are
associated with significant tornadoes. While statistically insignificant, one could imply
that 0-3 km CAPE greater than 175 J kg-1 is typically only found with significant
tornadoes. This is clearly something forecasters should keep in mind when forecasting
tornadic environments.
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Table 4.3. Low-level thermodynamic indices tested for significant
and nonsignificant tornadoes in Alabama.
Parameter

Sig. Mean

Nonsig.
Mean
1100.636
53.682
170.211
264.708
1.081
1.767
741.280
2115.500
-145.909

CAPE
1484.857
0-3 CAPE
73.429
0-1 SRH
277.700
0-3 SRH
332.133
0-1 EHI
2.967
0-3 EHI
3.856
LCL
638.200
LFC
1607.133
CIN
-78.071
*Indicates significance at p < 0.05
**Indicates significance at p < 0.01

T Value

P Value

1.104
0.874
2.884
1.592
2.504
2.230
-0.850
-1.778
1.320

0.139
0.194
0.004
0.060
0.009
0.016
0.200
0.042
0.098

Significance

**
**
*
*
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Figure 4.18. Box and whisker graph of CAPE associated with significant
and nonsignificant tornadoes in Alabama.

65

Alabama (0-3 km CAPE)
300
250

0-3 CAPE (J/kg)

200
150
100
50
0

0-3 CAPE

Significant
Tornadoes
(F2 - F5)

Nonsignificant
Tornadoes
(F0 - F1)

Figure 4.19. Box and whisker graph of 0-3 km CAPE associated with significant and
nonsignificant tornadoes in Alabama.
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Mean values for the shear and instability/shear combination indices are much
higher for significant tornadoes than nonsignificant tornadoes. In fact, t-tests show that 01 km SRH and EHI indicate significant differences at alpha 0.01 and 0-3 km EHI is
significant at alpha 0.05 suggesting that the lowest one kilometer of the atmosphere with
regards to shear combined with instability is a useful discriminator for tornado strength.
Shear in the lowest three kilometers may also be a good discriminator, but the author
recommends using 0-1 km SRH and EHI. Over one quartile of overlap and good median
separation is evident with the 0-1 km SRH box and whisker graph (Figure 4.20). In
addition, the 0-3 km SRH box and whisker plot shows a visual upward trend for
significant tornadoes as compared to nonsignificant tornadoes (Figure 4.21) The box and
whisker graphs for 0-1 and 0-3 km EHI (Figures 4.22 and 4.23, respectively) show very
little data overlap between significant tornadoes and nonsignificant tornadoes. Therefore,
it can be reasoned that with increasing shear and instability, environmental conditions
become more supportive of significant tornadoes.
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Figure 4.20. Box and whisker graph of 0-1 km SRH associated with significant
and nonsignificant tornadoes in Alabama.
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Figure 4.21. Box and whisker graph of 0-3 km SRH associated with significant
and nonsignificant tornadoes in Alabama.
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Figure 4.22. Box and whisker graph of 0-1 km EHI associated with significant
and nonsignificant tornadoes in Alabama.
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Figure 4.23. Box and whisker graph of 0-3 km EHI associated with significant and
nonsignificant tornadoes in Alabama
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The mean LCL and LFC heights for significant tornadoes are less than the mean
heights for nonsignificant tornadoes. However, the mean LCL height is not considerably
less for significant tornadoes and the box and whiskers graph (Figure 4.24) indicates this
with a considerable amount of data overlap between the tornado groups. Although lower
LCL heights were found more commonly in significant tornadoes, statistical testing did
not return any significance. The t-test for LFC heights is significant at alpha 0.05,
suggesting that LFC height may be useful as a tornado strength discriminator. In addition,
the median LFC height for significant tornadoes is much lower than nonsignificant
tornadoes and the box and whiskers graph shows less data overlap (Figure 4.25). The
general trend shows that decreasing LCL and LFC heights may lead to an environment
supportive of significant tornadoes. Also, the mean CIN value is considerably less for
significant tornadoes due to the fact that the LCL-LFC height difference is less as
compared to nonsignificant tornadoes. Although this is true, the t-tests between
significant and nonsignificant tornadoes, CIN values show no significance. The box and
whisker graph (Figure 4.26) shows considerable data overlap between the two groups,
however, the 75 and 50% quantiles indicates good offset between significant and
nonsignificant tornadoes.
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Figure 4.24. Box and whisker graph of LCL heights associated with significant and
nonsignificant tornadoes in Alabama.
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Figure 4.25. Box and whisker graph of LFC heights associated with significant
and nonsignificant tornadoes in Alabama.
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Figure 4.26. Box and whisker graph of CIN associated with significant
and nonsignificant tornadoes in Alabama.
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Arkansas
CAPE and 0-3 km CAPE values for Arkansas tornado events are similar for
significant and nonsignificant tornadoes as indicated in Table 4.4. The mean CAPE value
for significant tornadoes is slightly higher than nonsignificant tornadoes. In addition, the
box and whiskers graph (Figure 4.27) indicates considerable data overlap with the
exception of the 10% and the 90% whiskers. The mean 0-3 km CAPE is statistically
identical for significant and nonsignificant tornadoes. The box and whisker graph for
low-level CAPE (Figure 4.28) is similar to CAPE with respect to the data distribution.
Not surprisingly, the T-tests for CAPE and 0-3 km CAPE show no significance, which,
like the entire region, indicates that instability may be a poor discriminator of tornado
strength.
Table 4.4. Low-level thermodynamic indices tested for significant
and nonsignificant tornadoes in Arkansas.
Parameter

Sig. Mean

Nonsig.
Mean
CAPE
1500.441
1451.000
0-3 CAPE
59.059
60.000
0-1 SRH
205.875
146.684
0-3 SRH
235.027
197.406
0-1 EHI
1.471
1.406
0-3 EHI
2.550
1.873
LCL
911.432
943.969
LFC
1976.806
2026.935
CIN
-84.324
-108.654
*Indicates significance at p < 0.05
**Indicates significance at p < 0.01

T Value

P Value

0.194
-0.056
2.074
1.391
0.181
1.417
-0.307
-0.262
0.840

0.423
0.478
0.023
0.084
0.429
0.081
0.380
0.397
0.202

Significance

*
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Figure 4.27. Box and whiskers graph of CAPE associated with significant
and nonsignificant tornadoes in Arkansas.
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Figure 4.28. Box and whiskers graph of 0-3 km CAPE associated with significant
and nonsignificant tornadoes in Arkansas.
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Mean 0-1 and 0-3 km SRH values are higher for Arkansas significant tornadoes
as compared to nonsignificant tornadoes. The box and whisker graph for 0-1 km SRH
(Figure 4.29) shows considerable offset at every quantile. Although less data offset exists
in the 0-3 km SRH graph (Figure 4.30), median values are clearly different. The most
surprising statistic is the narrow data separation in the mean 0-1 km EHI value. The mean
value is slightly higher for significant tornadoes than nonsignificant tornadoes and the
box and whiskers graph (Figure 4.31) shows good offset at the 10% whisker and 25%
quartile. The mean 0-3 km EHI value is much higher for significant tornadoes than
nonsignificant tornadoes and good data offset except at the 90% whisker in the box and
whisker plot (Figure 4.32). While shear appears to have some use in discriminating
between tornado strength, the T-tests show that only 0-1 km SRH is significant at alpha
0.05. Although 0-3 km SRH and EHI are not statistically significant for Arkansas,
forecasters may find some use for these parameters for discriminating tornado strengths
as strong regional differences do exist.
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Figure 4.29. Box and whiskers graph of 0-1 km SRH associated with significant
and nonsignificant tornadoes in Arkansas.
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Figure 4.30. Box and whiskers graph of 0-3 km SRH associated with significant
and nonsignificant tornadoes in Arkansas.
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Figure 4.31. Box and whiskers graph of 0-1 km EHI associated with significant
and nonsignificant tornadoes in Arkansas.
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Figure 4.32. Box and whiskers graph of 0-3 km EHI associated with significant
and nonsignificant tornadoes in Arkansas.
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Arkansas mean LCL and LFC heights are only slightly lower for significant
tornadoes than nonsignificant tornadoes. T-tests for both parameters show no statistical
significance. Less variation in the LCL box and whiskers graph (Figure 4.33) associated
with significant tornadoes indicates that lower LCL heights may be more common with
significant tornadoes. Very little offset appears in the LFC box and whiskers graph
(Figure 4.34) except at the 90% whisker. Considerable offset exists for the CIN box and
whisker graph (Figure 4.35) at the 75% quartile, 90% whisker, and 95% quantile. CIN
was found to be lower for significant Arkansas tornadoes, but the T-test indicates no
significance at this study’s confidence interval. It is interesting that only one parameter is
found to be statistically significant (0-1 km SRH). It is possible that tornadoes in
Arkansas are influenced at the mesoscale, a scale that cannot be measured using balloon
soundings. Although there is no specific evidence to support this, forecasters in Arkansas
may consider giving special attention to any thunderstorm that interacts with a
discernable boundary in a highly sheared low-level (one kilometer AGL) environment.
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Figure 4.33. Box and whiskers graph of LCL heights associated with significant
and nonsignificant tornadoes in Arkansas.
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Figure 4.34. Box and whiskers graph of LFC heights associated with significant
and nonsignificant tornadoes in Arkansas.
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Figure 4.35. Box and whiskers graph of CIN associated with significant
and nonsignificant tornadoes in Arkansas.
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Georgia
Mean Georgia CAPE values for significant tornadoes is higher than
nonsignificant tornadoes, yet mean 0-3 km CAPE is slightly higher for nonsignificant
tornadoes. T-tests for CAPE show no statistically significant differences between tornado
groups. The box and whisker graph for CAPE (Figure 4.36) indicates considerable visual
offset suggesting higher CAPE values (greater than 1000 J kg-1) may be useful in
differentiating significant and nonsignificant tornadoes. The 0-3 km CAPE graph (Figure
4.37) shows considerable overlap for significant and nonsignificant tornadoes. T-tests
indicate no statistical significance for 0-3 km CAPE.
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Figure 4.36. Box and whiskers graph of CAPE associated with significant
and nonsignificant tornadoes in Georgia.
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Figure 4.37. Box and whiskers graph of 0-3 km CAPE associated with significant
and nonsignificant tornadoes in Georgia.
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Like the region and other individual states, shear and instability/shear
combination index values are much higher for significant tornadoes compared to
nonsignificant tornadoes (Table 4.5). The mean 0-1 km SRH is much higher for
significant tornadoes and the box and whisker graph (Figure 4.38) shows significant
offset between the 50% and 75% quantiles. The 0-1 km SRH differences were found to
be significant at alpha 0.05. The mean 0-3 km SRH value is also higher for significant
tornadoes but the box and whisker graph (Figure 4.39) indicates more overlap. Not
surprisingly, the T-test does not show significance at the specified confidence interval for
this value. The mean 0-1 km EHI is considerably higher for significant tornadoes and the
box graph (Figure 4.40) shows considerable differences in the data distribution.
Interestingly, the t-test for 0-1 km EHI showed no significance (likely due to the high
variability of nonsignificant tornado events). However, forecasters may still find some
use with discriminating between tornado strength using the 0-1 km EHI parameter,
especially with increasing values. The mean 0-3 EHI is also much higher for significant
tornadoes and the box graph (Figure 4.41) again shows considerable distribution
differences. The T-test shows that 0-3 km EHI is significant at alpha 0.05 suggesting this
parameter seems useful for tornado strength discrimination.
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Table 4.5. Low-level thermodynamic indices tested for significant
and nonsignificant tornadoes in Georgia.
Parameter

Sig.
Nonsig.
Mean
Mean
CAPE
1222.000 904.300
0-3 CAPE
62.589
65.333
0-1 SRH
211.000
125.533
0-3 SRH
232.850
206.600
0-1 EHI
1.620
0.882
0-3 EHI
2.100
1.047
LCL
921.650
671.111
LFC
2154.450 2134.389
CIN
-76.059
-92.267
*Indicates significance at p < 0.05
**Indicates significance at p < 0.01

T Value

P Value

1.111
-0.119
1.885
0.600
0.945
2.029
2.359
0.077
0.583

0.136
0.453
0.037
0.276
0.180
0.024
0.011
0.469
0.281

Significance

*
*
*
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Figure 4.38. Box and whiskers graph of 0-1 km SRH associated with significant
and nonsignificant tornadoes in Georgia.
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Figure 4.39. Box and whiskers graph of 0-3 km SRH associated with significant
and nonsignificant tornadoes in Georgia.
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Figure 4.40. Box and whiskers graph of 0-1 km EHI associated with significant
and nonsignificant tornadoes in Georgia.
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Figure 4.41. Box and whiskers graph of 0-3 km EHI associated with significant
and nonsignificant tornadoes in Georgia.
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More unexpected results occurred with LCL and LFC heights as both means are
higher for significant tornadoes as compared to nonsignificant tornadoes (Table 4.5). The
T-test for LCL height reveals significant differences at alpha 0.05. These results are
counter-intuitive to current research. While these results should not be dismissed, they
likely result from local atmospheric or topographic effects and most likely the small
dataset for Georgia. The box and whiskers graph for LCL heights (Figure 4.42) shows
considerable offset between all quartiles for nonsignificant tornadoes and significant
tornadoes. Mean LFC heights are only slightly higher for significant tornadoes and the
data distributions are visually similar (Figure 4.43). As expected, the T-test for LFC
height shows no statistically significant differences. Forecasters in Georgia should be
cautious using LCL and LFC with regards to tornado strength. CIN values are lower for
significant tornadoes than nonsignificant tornadoes but not much data offset can be seen
in the box graph (Figure 4.44). Statistical testing for CIN indicates no significance
differences between tornado groups. Due to possible mountain effects, caution is advised
when using most thermodynamic indices other than shear related parameters for tornado
forecasting, especially in Northern Georgia.
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Figure 4.42. Box and whiskers graph of LCL heights associated with significant
and nonsignificant tornadoes in Georgia.
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Figure 4.43. Box and whiskers graph of LFC heights associated with significant
and nonsignificant tornadoes in Georgia.
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Figure 4.44. Box and whiskers graph of CIN associated with significant
and nonsignificant tornadoes in Georgia.
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Louisiana
Louisiana was found to be the state with the highest amount of instability but least
amount of shear as shown in Table 4.6. The high instability is likely due to the state’s
close proximity to the warm, moist Gulf of Mexico. Meanwhile, the low shear is likely
the result of upper-level troughs remaining well north of the state. Mean instability
indices are higher for significant tornadoes than nonsignificant tornadoes. Mean CAPE is
higher for significant tornadoes but the box and whisker graph (Figure 4.45) shows very
little offset between the tornado groups. The mean 0-3 km CAPE is slightly higher for
significant tornadoes and the box graph (Figure 4.46) shows slight offset, mainly in the
25% quantile. In addition, t-tests calculated for CAPE and 0-3 km CAPE show no
statistical significance. Therefore, instability may not be useful in tornado strength
discrimination because the temperature and moisture profile in Louisiana may be
homogenous regardless of tornado strength environment.
Table 4.6. Low-level thermodynamic indices tested for significant
and nonsignificant tornadoes in Louisiana.
Parameter

Sig.
Nonsig.
Mean
Mean
CAPE
2133.941
1899.117
0-3 CAPE
83.235
66.317
0-1 SRH
146.091
108.425
0-3 SRH
160.762
144.563
0-1 EHI
2.300
1.232
0-3 EHI
2.429
1.514
LCL
736.000
747.333
LFC
1903.048
1975.894
CIN
-70.882
-100.283
*Indicates significance at p < 0.05
**Indicates significance at p < 0.01

T Value

P Value

0.798
0.742
1.049
0.555
1.854
1.843
-0.156
-0.322
0.993

0.214
0.230
0.150
0.290
0.035
0.035
0.438
-0.374
0.162

Significance

*
*
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Figure 4.45. Box and whiskers graph of CAPE associated with significant
and nonsignificant tornadoes in Louisiana.
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Figure 4.46. Box and whiskers graph of 0-3 km CAPE associated with significant
and nonsignificant tornadoes in Louisiana.
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Although shear is lower in Louisiana as compared to other states, the mean 0-1
and 0-3 km SRH values are higher for significant tornadoes as compared to
nonsignificant tornadoes. The box and whisker graph for 0-1 km SRH (Figure 4.47)
shows good offset between the 50, 75, and 95% quantiles. The 0-3 km graph (Figure
4.48) indicates almost no offset at all. In addition, t-tests for 0-1 and 0-3 km SRH show
no significance. The mean 0-1 and 0-3 km EHI values are much higher for significant
tornadoes than nonsignificant tornadoes. In addition, the 0-1 and 0-3 km EHI box graphs
(Figures 4.49 and 4.50, respectively) show good offset at almost every quantile. The ttests for both 0-1 and 0-3 km EHI are significant at alpha 0.05. Although 0-1 km SRH
does not indicate statistically significant differences, there are visual differences in the
data distribution (Figure 4.44).
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Figure 4.47. Box and whiskers graph of 0-1 km SRH associated with significant
and nonsignificant tornadoes in Louisiana.
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Figure 4.48. Box and whiskers graph of 0-3 km SRH associated with significant
and nonsignificant tornadoes in Louisiana.
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Figure 4.49. Box and whiskers graph of 0-1 km EHI associated with significant
and nonsignificant tornadoes in Louisiana.
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Figure 4.50. Box and whiskers graph of 0-3 km EHI associated with significant
and nonsignificant tornadoes in Louisiana.
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The mean LCL and LFC heights are only slightly lower for significant tornadoes
than nonsignificant tornadoes in Louisiana, which may be due to a fairly homogenous
distribution of moisture across the state. The box and whisker graph for LCL heights
(Figure 4.51) indicate little visual differences between tornado groups. The same is true
for LFC heights (Figure 4.52). As expected, the t-tests for both LCL and LFC heights
show no statistical significance. The mean CIN value for significant tornadoes is lower
than for nonsignificant tornadoes and some offset is observed between the 75% quantiles
(Figure 4.53). However, the t-test for CIN shows no statistical significance at the
specified confidence interval. With respect to the state of Louisiana, forecasters may find
success in discriminating between tornado strengths when using parameters that combine
shear and instability (i.e. EHI).
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Figure 4.51. Box and whiskers graph of LCL heights associated with significant
and nonsignificant tornadoes in Louisiana.
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Figure 4.52. Box and whiskers graph of LFC heights associated with significant
and nonsignificant tornadoes in Louisiana.
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Figure 4.53. Box and whiskers graph of CIN associated with significant
and nonsignificant tornadoes in Louisiana.
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Mississippi
Like Alabama, the results of descriptive statistics are what were expected prior to
performing this study (Table 4.7). The instability indices’ means are higher for significant
tornadoes than nonsignificant tornadoes. This is especially true for CAPE where the box
and whisker plot (Figure 4.54) shows good offset for almost every quartile. Also, the ttest for CAPE is significant at alpha 0.05, but due to the large variations between CAPE
for significant and nonsignificant tornadoes, forecasters should not use it alone as a
measure of tornado strength. The mean 0-3 km CAPE is also much higher for significant
tornadoes but less offset in the box graph (Figure 4.55) is seen when compared to CAPE.
The 0-3 km CAPE box and whisker plot shows that 75% of the nonsignificant data fell
below 100 J kg-1 compared to only 50% of significant tornado data. This suggests that 0-3
km CAPE values greater than 100 J kg-1 are primarily associated with significant
tornadoes. The t-test for 0-3 km CAPE is not significant but very close to being
significant and forecasters may still find it useful for discriminating between tornado
strengths. Although the statistics disagree, 0-3 km CAPE may be more useful than CAPE
due a less amount variation.
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Table 4.7. Low-level thermodynamic indices tested for significant
and nonsignificant tornadoes in Mississippi.
Parameter

Sig.
Nonsig.
Mean
Mean
CAPE
1976.440
1287.906
0-3 CAPE
99.440
57.000
0-1 SRH
206.100
182.240
0-3 SRH
232.607
238.528
0-1 EHI
2.922
1.400
0-3 EHI
3.928
1.997
LCL
776.207
816.611
LFC
1840.296
2199.083
CIN
-71.760
-109.031
*Indicates significance at p < 0.05
**Indicates significance at p < 0.01

T Value

P Value

Significance

2.123
1.500
0.541
-0.149
2.513
2.509
-0.421
-1.453
1.509

0.019
0.070
0.296
0.441
0.009
0.008
0.338
0.076
0.068

*

**
**
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Figure 4.54. Box and whiskers graph of CAPE associated with significant
and nonsignificant tornadoes in Mississippi.
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Figure 4.55. Box and whiskers graph of 0-3 km CAPE associated with significant
and nonsignificant tornadoes in Mississippi.

116
Interestingly, the shear parameters for significant and nonsignificant tornadoes are
not as widely offset as the other states. Although the mean 0-1 km SRH is higher for
significant tornadoes, the box graph (Figure 4.56) shows good offset in the 10 and 25%
quantiles for significant tornadoes. The mean 0-3 km SRH is lower for significant
tornadoes and the box graph (Figure 4.57) is nearly identical to that of 0-1 km SRH. In
addition, the t-tests for 0-1 and 0-3 km SRH are not significant for this study. However,
when shear is combined with instability, these parameters seem to be more useful in
discriminating between significant and nonsignificant tornadoes. The mean 0-1 km EHI
is much higher for significant tornadoes and the box and whiskers graph (Figure 4.58)
shows good offset in every quantile. Similarly, the mean for 0-3 km EHI is also much
higher for significant tornadoes and the box graph (Figure 4.59) also shows good offset in
every quartile. Not surprisingly, t-tests for 0-1 and 0-3 km EHI are significant at alpha
0.01. Therefore, caution should be used with shear parameters alone but when combined
with instability, they appear be a much more useful forecasting discriminator.
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Figure 4.56. Box and whiskers graph of 0-1 km SRH associated with significant
and nonsignificant tornadoes in Mississippi.
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Figure 4.57. Box and whiskers graph of 0-3 km SRH associated with significant
and nonsignificant tornadoes in Mississippi.
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Figure 4.58. Box and whiskers graph of 0-1 km EHI associated with significant
and nonsignificant tornadoes in Mississippi.
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Figure 4.59. Box and whiskers graph of 0-3 km EHI associated with significant
and nonsignificant tornadoes in Mississippi.
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The mean LCL and LFC heights in Mississippi are lower for significant tornadoes
as compared to nonsignificant tornadoes. Although true, a visual inspection of the box
graph for LCL heights (Figure 4.60) shows an overall higher data trend with
nonsignificant tornadoes. T-testing between tornado groups for LCL height does not
indicate statistically significant differences. The LFC height box graph (Figure 4.61)
again indicates a trend toward higher heights in nonsignificant tornadoes. The t-test for
LFC differences is nearly significant but fell just outside of alpha 0.05. The mean CIN is
also lower for significant tornadoes and the box and whiskers graph (Figure 4.62) shows
some offset in the 50, 75, and 90% quantiles. While the t-testing does not indicate
significance for CIN, the T-value is just outside of the 95% confidence interval, which
suggests an influence of the smaller dataset.
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Figure 4.60. Box and whiskers graph of LCL heights associated with significant
and nonsignificant tornadoes in Mississippi.
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Figure 4.61. Box and whiskers graph of LFC heights associated with significant
and nonsignificant tornadoes in Mississippi.
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Figure 4.62. Box and whiskers graph of CIN associated with significant
and nonsignificant tornadoes in Mississippi.
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Tennessee
Many of the statistical results for Tennessee as indicated in Table 4.8 are
unexpected. The instability parameters are higher for nonsignificant tornadoes than
significant tornadoes. In fact, the mean CAPE is much higher for nonsignificant
tornadoes than significant tornadoes. Also, the t-test for CAPE indicates significance at
alpha 0.05 for discriminating between nonsignificant and significant tornadoes. However,
the relationship between CAPE and tornado strength is backward as compared to recent
research. The box and whisker graph for CAPE (Figure 4.63) shows good offset for every
quartile in the nonsignificant category. The mean 0-3 km CAPE is also much higher for
nonsignificant tornadoes and the box graph (Figure 4.64) shows good offset in every
quantile again. In addition, the t-test for 0-3 km CAPE is significant at alpha 0.05. While
purely speculative, the reason that instability is greater for nonsignificant tornadoes may
be due to a large number of tornado events during May (Figure 4.65) as compared to a
tornado maximum in April for all other Southeast U.S. states (Figure 4.66). Since May is
the warmest month in the study period, there should be more energy available for tornado
development compared to any other month. However, May is a transition month when
the jet stream gradually works its way north decreasing the probability of significant
tornadoes regardless of instability for tornadoes.
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Table 4.8. Low-level thermodynamic indices tested for significant
and nonsignificant tornadoes in Tennessee.
Parameter

Sig.
Nonsig.
Mean
Mean
CAPE
940.417
1779.235
0-3 CAPE
28.417
58.294
0-1 SRH
221.857
138.875
0-3 SRH
301.308
183.053
0-1 EHI
1.667
1.250
0-3 EHI
2.609
1.982
LCL
895.462
1017.474
LFC
2308.000
2118.789
CIN
-144.500
-90.176
*Indicates significance at p < 0.05
**Indicates significance at p < 0.01

T Value

P Value

Significance

-2.082
-1.793
2.049
2.606
0.898
0.898
-0.718
0.610
-1.951

0.023
0.042
0.031
0.007
0.193
0.189
0.239
0.273
0.031

*
*
*
**

*
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Figure 4.63. Box and whiskers graph of CAPE associated with significant
and nonsignificant tornadoes in Tennessee.
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Figure 4.64. Box and whiskers graph of 0-3 km CAPE associated with significant
and nonsignificant tornadoes in Tennessee.
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Tennessee Monthly Tornado Distribution
Using Proximity Sounding Data, 1960-2002
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Figure 4.65. Monthly distribution of tornadoes in Tennessee using proximity sounding
data (100 mi within sounding site), 1960-2002.
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Monthly Tornado Distribution Using Proximity
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Figure 4.66. Monthly distribution of tornadoes in the Southeast U.S. (excluding
Tennessee) using proximity sounding data (100 mi within
sounding site), 1960-2002.
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The relationship between tornado strength and shear for Tennessee is similar to
the other states in the study. Shear and shear and instability combinations seem to
discriminate fairly well between significant and nonsignificant tornadoes. The Tennessee
mean 0-1 and 0-3 km SRH values are much higher for significant tornadoes. The t-test
for 0-1 km SRH is significant at alpha 0.05 and the t-test for 0-3 km SRH is significant at
alpha 0.01. Therefore, 0-3 km SRH may be a more useful tool for discriminating between
significant and nonsignificant tornadoes in Tennessee. In addition, the 0-1 and 0-3 km
SRH box graphs (Figures 4.67 and 4.68, respectively) show good offset. The mean 0-1
km EHI for significant tornadoes is low due to a small CAPE, but it is still higher than
the nonsignificant mean. The box graph for 0-1 km EHI (Figure 4.69) shows overlap
except in the 75% quantile. The mean 0-3 km EHI is higher for significant tornadoes and
shows some offset (Figure 4.70), mainly in the 75 and 95% quantiles. Surprisingly, the ttests for 0-1 and 0-3 km EHI for Tennessee are not significant.
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Figure 4.67. Box and whiskers graph of 0-1 km SRH associated with significant
and nonsignificant tornadoes in Tennessee.
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Figure 4.68. Box and whiskers graph of 0-3 km SRH associated with significant
and nonsignificant tornadoes in Tennessee.
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Figure 4.69. Box and whiskers graph of 0-1 km EHI associated with significant
and nonsignificant tornadoes in Tennessee.
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Figure 4.70. Box and whiskers graph of 0-3 km EHI associated with significant
and nonsignificant tornadoes in Tennessee.
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The mean LCL height is lower for significant Tennessee tornadoes and the box
graph (Figure 4.71) shows some offset but mainly in the 50% quartile. The mean LFC
height is higher for significant tornadoes and the box and whisker graph (Figure 4.72)
indicates decent offset in the 10 and 25% quantile. However, the 90% quantile is fairly
high, which indicates that nonsignificant tornadoes trend toward much higher LFC
heights. However, t-tests for both parameters are not statistically significant at alpha 0.05.
The mean Tennessee CIN is much lower for nonsignificant tornadoes and the box graph
(Figure 4.73) shows good offset for almost every quantile. Also, the t-test for CIN
between tornado groups is significant at alpha 0.05. A better understanding of Tennessee
tornado environments should be known before using any parameter, other than shear, to
discriminate between tornado strengths.
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Figure 4.71. Box and whiskers graph of LCL heights associated with significant
and nonsignificant tornadoes in Tennessee.
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Figure 4.72. Box and whiskers graph of LFC heights associated with significant
and nonsignificant tornadoes in Tennessee.
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Figure 4.73. Box and whiskers graph of CIN associated with significant
and nonsignificant tornadoes in Tennessee.
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Summary
Although most states do not indicate statistical significance with respect to
instability, Mississippi and Tennessee are significant at alpha 0.05. It should be noted that
instability in Tennessee is backwards from conventional theory. Table 4.9 indicates a
pattern with regards to shear and instability and shear indices. Furthermore, every state in
the study is statistically significant for at least one of the shear and/or instability shear
indices. LCL height is only significant in Georgia, but it is backwards from conventional
understanding. The only state to show statistically significant differences with respect to
LFC height is Alabama. Interestingly, CIN is only statistically significant for Tennessee,
but it is again opposite of the current theory. However, for the entire region, CIN is
statistically significant and every state (with the exception of Tennessee) shows that
decreasing CIN may increase the probability of significant tornadoes. Due to the small
sample size of the dataset for individual states, it is recommended that one focus on the
overall trends associated with the thermodynamic data.
Table 4.9. Summary of statistical significance for Southeast U.S. states.
CAPE

0-3
CAPE

0-1
SRH
**
*
*

Alabama
Arkansas
Georgia
Louisiana
Mississippi *
Tennessee *
*
*
*Indicates significance at p < 0.05
**Indicates significance at p < 0.01

0-3
SRH

**

0-1
EHI
**

0-3
EHI
**

LCL

*
**

*
*
**

*

LFC

CIN

*

*
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NULL EVENT ADDENDUM
After performing a statistical analysis using thermodynamic indices to
discriminate between significant and nonsignificant tornadoes, it was deemed necessary
to analyze nontornadic thunderstorms (null events) as shown in Figure 4.74. The majority
of low-level thermodynamic studies (Rasmussen 2003, Brooks and Craven 2002, Davies
2001, et al.) discriminate between nontornadic and significant and nonsignificant tornado
environments. For this study, a nontornadic thunderstorm was defined as any severe hail
event (25.4 mm (1 inch) or larger hail size) report but without a report of a tornado within
the study region. This addendum used the same methodology to identify the null study
events. The hail data were extracted from the Historical Severe Report Database from the
Storm Prediction Center. However, to ensure that PPBB wind data would be included,
only hail reports from 1980-2002 were used in the dataset. The data were then narrowed
down based upon the proximity sounding criteria previously used in this study (Figure
4.75). After excluding all null events that included a tornado report, a sample size of 57
null events was returned (Figure 4.76).
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Figure 4.74. Spatial distribution of all null events
in the study region, 1980-2002.
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Figure 4.75. Example of the spatial distribution of null events after applying the
temporal and spatial proximity sounding constriction (to current)
sounding sites) of a 161 km radium from each sounding site and
+/- 2 hrs of 0000 UTC, 1980-2002.
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Figure 4.76. Spatial distribution of all null events
without a tornado report, 1980-2002.
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Descriptive and Analytical Statistics
Another set of descriptive and analytical statistics were developed to discriminate
between the tornado and nontornado group data (Tables 4.9 and 4.10). CAPE is higher
for tornadic storms (significant and nonsignificant tornado storms) compared to
nontornadic storms. The t-test for CAPE is significant at alpha 0.01 suggesting a high
confidence that CAPE can be a useful discriminator between significant tornadoes and
nontornadic storms. Mean CAPE values for nonsignificant tornadoes were also much
higher as compared to nontornadic storms with T-testing significant at alpha 0.05. Again,
this suggests CAPE is a useful discriminator between nonsignificant tornadoes and
nontornadic storms. However, 0-3 km CAPE is slightly higher for nontornadic storms
than for nonsignificant tornadoes but less than the mean for significant tornadoes. The 03 km CAPE t-testing shows no significance between significant tornadoes and
nontornadic storms or nonsignificant tornadoes and nontornadic storms.
Table 4.10. Low-level thermodynamic indices tested for significant tornadoes
and nontornadic storms in the Southeast.
Parameter

Sig. Tor
Non Tor
Mean
Mean
CAPE
1592.857 1077.960
0-3 CAPE
70.101
64.610
0-1 SRH
209.300
70.050
0-3 SRH
239.858
120.890
0-1 EHI
2.162
0.530
0-3 EHI
2.912
0.940
LCL
824.711
706.670
LFC
1954.674 1738.490
CIN
-83.916
-58.610
*Indicates significance at p < 0.05
**Indicates significance at p < 0.01

T Value

P Value

Significance

-3.180
-0.449
-6.318
-5.380
-6.125
-5.051
-1.999
-1.700
1.661

8.75E-04
0.327
2.71E-09
1.10E-07
9.94E-09
5.84E-07
0.024
0.046
0.049

**
**
**
**
**
*
*
*
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Not surprisingly, the means for shear and instability and shear combination
indices are much higher for tornadic storms than nontornadic storms. The t-tests show
strong significant differences between nontornadic and tornadic groups with respect to
0-1 and 0-3 km SRH and 0-1 and 0-3 km EHI. Conducting t-tests that discriminated
between nonsignificant tornadoes and nontornadic storms for 0-1 and 0-3 km SRH and 01 and 0-3 km EHI indicate significance at alpha 0.01. These data suggest that not only
can shear differentiate between significant and nonsignificant tornadoes, but they can be
useful in distinguishing between tornadic and nontornadic environments.
Table 4.11. Low-level thermodynamic indices tested for nonsignificant tornadoes
and nontornadic storms in the Southeast.
Parameter

Non Sig.
Non Tor
Tor Mean
Mean
CAPE
1467.786
1077.960
0-3 CAPE
61.471
64.610
0-1 SRH
142.127
70.050
0-3 SRH
196.276
120.890
0-1 EHI
1.238
0.530
0-3 EHI
1.645
0.940
LCL
798.846
706.670
LFC
2076.783
1738.490
CIN
-106.107
-58.610
*Indicates significance at p < 0.05
**Indicates significance at p < 0.01

T Value

P Value

Significance

-1.808
0.241
-3.921
-3.436
-3.335
-2.462
-1.500
-2.320
2.500

0.036
0.405
6.27E-05
3.43E-04
5.32E-04
7.27E-03
0.068
0.011
0.006

*
**
**
**
**
*
**

However, the mean LCL and LFC heights are lower for nontornadic storms than
tornadic storms. The usefulness of these parameters for forecasting tornadoes in the
Southeast U.S. is debatable. While mean CIN values are lower for significant tornadoes
than nonsignificant tornadoes, the mean CIN value is actually lower for nontornadic
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storms than tornadic storms. Again, this parameter also raises questions about its
usefulness for tornado forecasting in the Southeast. The t-tests for LCL and LFC heights
and CIN are all significant at alpha 0.05. This suggests a significant difference between
exists between nontornadic storms and significant tornadoes. While the t-test
differentiating between nonsignificant tornadoes and nontornadic storms shows no
significance for LCL height, the t-testing revealed LFC heights are significant at alpha
0.05 and CIN are significant at alpha 0.01. These results may be attributed to the
homogenous distribution of moisture entrained into low pressure systems traversing the
Southeast and the weak lapse rates in the lowest two kilometers of the atmosphere. The
dew point depression change in a height of 118 m (mean LCL height difference between
significant tornadoes and nontornadic storms) is quite small when a parcel is lifted. For
example, a parcel lifted from 1000 mb with a temperature of 37.4° C and a dew point
temperature of 30.0° C, would produces an LCL height of 1000 m (1 km). In order to
produce an LCL height 100 meters lower only requires a temperature of 36.2° C and a
dew point temperature of 30.0° C. The dew point depression (temperature minus dew
point temperature) between the two heights is small (1.2° C). It is possible that such a
small difference may be neglible with regards to tornadogenesis and tornado strength in
the Southeast.
Rasmussen (2003) suggests that low LCL heights are favorable for tornadogenesis
regardless of geographical location. While the author agrees with this suggestion, LCL
height alone may not be a good discriminate of tornado strength in the Southeast and
possibly other regions outside of the Great Plains. One simple reason that LFC heights
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might be typically higher than would be expected in the Southeast may have to do with
low-level lapse rates. Due to the proximity of the Gulf of Mexico, low-level air is more
than likely more moist in the Southeast than the Great Plains. This decreases the amount
of potential evaporational cooling that takes place and does not allow lapse to steepen as
much as a drier low-level environment would. The low LCL height and higher LFC
height would account for the mean CIN values being slightly higher than previously
studied tornado (significant and nonsignificant) events. The Great Plains environment
typically has a higher LCL height and generally a lower LFC height, which produces
lower values of CIN. Due to factors discussed above, LCL, LFC, and CIN should be used
with some caution when discriminating between nontornadic events and tornadic events
in the Southeast region of the U.S., particularly LCL heights.
The mean CAPE values for tornadic storms are considerably higher than
nontornadic storms and the box and whiskers graph (Figure 4.77) indicates a strong
visual upward trend from nontornadic to significant tornadic storms. These results are
very similar to those of Davies (2001) and Rasmussen and Blanchard (1998). The mean
0-3 km CAPE value is much higher for significant tornadoes as compared to
nonsignificant tornadoes and nontornadic storms. However, mean 0-3 km CAPE is higher
for nontornadic storms than cases involving nonsignificant tornadoes. The box graph
(Figure 4.78) shows considerable data overlap between all three tornado classes. These
results are contrary with those from Rasmussen (2003) and Davies (2001).
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Figure 4.77. Box and whiskers graph of CAPE associated with nontornadic storms,
nonsignificant and significant tornadoes in the Southeast U.S.
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Figure 4.78. Box and whiskers graph of 0-3 km CAPE associated with nontornadic
storms, nonsignificant and significant tornadoes in the Southeast U.S.
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The box and whisker graphs for 0-1 and 0-3 km SRH (Figure 4.79 and 4.80,
respectively) show a clear visual upward trend a large amount from nontornadic storms to
significant tornadic storms. This trend agrees with the findings of Rasmussen (2003),
Thompson et al. (2003), Edwards and Thompson (2000), and Davies (2001). Also, the 01 and 0-3 km EHI graphs (Figures 4.81 and 4.82, respectively) show considerable offset
between nontornadic and tornadic thunderstorms. These results are again similar to
Thompson et al. (2003), Davies (2001), Edwards and Thompson (2000), and Rasmussen
and Blanchard (1998).
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Figure 4.79. Box and whiskers graph of 0-1 km SRH associated with nontornadic
storms, nonsignificant and significant tornadoes in the Southeast U.S.
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Figure 4.80. Box and whiskers graph of 0-3 km SRH associated with nontornadic
storms, nonsignificant and significant tornadoes in the Southeast U.S.

154

Southeast U.S. (0-1 km EHI)
6
5

0-1 EHI

4
3
2
1
0

Nontornadic
Supercells

Nonsignificant
Tornadoes
(F0 - F1)

Significant
Tornadoes
(F2 - F5)

0-1 EHI

Figure 4.81. Box and whiskers graph of 0-1 km EHI associated with nontornadic storms,
nonsignificant and significant tornadoes in the Southeast U.S.
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Figure 4.82. Box and whiskers graph of 0-3 km EHI associated with nontornadic storms,
nonsignificant and significant tornadoes in the Southeast U.S.
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The LCL box graph (Figure 4.83) shows some amount of data offset, however,
the LCL median height for nontornadic storms is lower than for tornadic storms. This
disagrees with the findings of Thompson et al. (2003), Brooks and Craven (2002), Davies
(2001), and Edwards and Thompson (2000). The median LFC height is also lower for
nontornadic cases than tornadic cases (Figure 4.84). This result is also contradictory with
the results of Davies (2001 and 2004). Finally, the mean CIN for nontornadic storms is
lower than for tornadic storms, especially nonsignificant tornado cases. Significant
tornadoes are offset lower than nonsignificant tornadoes, but nontornadic storms are
offset lower than tornadic storms (Figure 4.85). These findings disagree with the work of
Davies (2001 and 2004) and suggest that LCL and LFC heights and CIN may not be
useful as a discriminator between tornadic groups in the Southeast.
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Figure 4.83. Box and whiskers graph of LCL heights associated with nontornadic
storms, nonsignificant and significant tornadoes in the Southeast U.S.
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Figure 4.84. Box and whiskers graph of LFC heights associated with nontornadic
storms, nonsignificant and significant tornadoes in the Southeast U.S.
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Figure 4.85. Box and whiskers graph of CIN associated with nontornadic storms,
nonsignificant and significant tornadoes in the Southeast U.S.
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Regional thermodynamic indices such as SRH and EHI may be good
discriminators of nontornadic storms and significant and nonsignificant tornadoes.
Although regional statistical testing shows no significance for pure instability indices,
visual upward trends for CAPE indicate that tornadic storm environments (significant and
nonsignificant tornadoes) are typically more unstable than nontornadic environments.
With respect to LCL and LFC heights and CIN in the Southeast U.S., there does not
appear to be any statistical evidence to support the use of these indices to discriminate
between the three tornado classes. Thermodynamic indices for Alabama and Mississippi
generally follow the expectations prior to this study. Contrastly, Arkansas and especially
Tennessee do not follow expectations with respect to the thermodynamic indices. Every
state in the study is statistically significant for at least one parameter related to SRH
and/or EHI. This may emphasize the importance of utilizing the shear and instability and
shear combination indices to forecast tornado strength and tornadic versus nontornadic
environments.

CHAPTER V
SUMMARY AND CONCLUSIONS
After the recent findings of Project Vortex in 1995, a new emphasis has been
placed on the lowest levels of the atmosphere with respect to tornadogenesis. Prior to
conducting this study, little research had been conducted on tornadoes in regions other
than the Great Plains of the United States. Furthermore, research regarding low-level
thermodynamics in the Southeast United States was nonexistent. The Southeast states in
this study statistically rank in the top ten in tornado categories such as deaths, injuries,
number of significant tornadoes, tornadoes per 10,000 sq mi, etc. (Grazulis 1993).
Therefore, it is important that tornado research is conducted for this region of the country.
One objective of this study was to identify spatial and temporal distributions of
tornadoes in the Southeast. Spatially, most areas in the Southeast have been struck by
tornadoes over the previous 42 years. While a maximum exists across the western portion
of the region, a minimum of tornado activity exists in the higher elevations of Northern
Georgia and Eastern Tennessee. Clearly, a unique temporal tornado regime exists for the
Southeast as it can claim two distinct tornado seasons during the year. Historically, the
spring season is the most active, however, a noticeable peak of tornado activity occurs in
the late fall. Tornadoes in the summer months (June-September) are fairly uncommon
due to the polar jet stream migrating into the Northern United States. Most tornadoes in
the Southeast form during the late afternoon and early evening hours when surface
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heating is at a maximum. A relative lull in tornado activity is seen during the evening
hours, although, some nighttime tornadoes develop due to strong atmospheric dynamics.
Mean low-level thermodynamic indices for Southeast tornado events were
determined. While some states do share similarities with respect to the thermodynamic
data, there are significant differences. However, across the entire region, tornado events
are produced by a moderately unstable and highly sheared environment. This is the basic
recipe for the development of tornadoes, and possibly only one other region in the world,
the Great Plains of the U.S., has a more favorable environment for tornadoes. Due to a
relatively homogenous distribution of rich, low-level moisture from the Gulf of Mexico,
the Southeast states typically have low lifting condensation levels for tornado events.
This is in contrast to the prevailing theory that a lower LCL height reduces the amount of
evaporational cooling that can take place beneath a thunderstorm’s updraft and therefore
decreases tornado formation. Other factors such as CAPE in the lowest three kilometers
and a warm, buoyant rear flank downdraft may enhance the potential for tornadogenesis.
Warm, moisture-rich air in the lowest layers of the troposphere limits the evaporational
cooling potential and inhibits the steepening of low-level lapse rates. Because of this, the
level of free convection heights are higher than one might expect. Sometimes, due to the
large LCL-LFC difference associated with tornadoes, a fair amount of convective
inhibition must be overcome before thunderstorms are able to develop and produce
tornadoes.
The final objective of this study was to discriminate between nonsignificant and
significant tornadoes using thermodynamic indices. Again, each state was unique and had

163
its own characteristics for discriminating between tornado strength. As an entire region,
statistically significant differences were observed with 0-1 and 0-3 km SRH, 0-1 and 0-3
km EHI, and CIN. Although the single most statistically significant parameter was 0-3
km SRH, the author believes that using 0-1 km SRH may be more useful for
discriminating between significant and nonsignificant tornadoes. In addition, Rasmussen
(2003) suggests that a layer lower than one kilometer may prove more useful. However,
current measuring techniques do not allow for data to be collected below one kilometer.
Personal observations suggest that combining instability and helicity in the lowest one
kilometer (i.e. 0-1 km EHI) may be the best discriminate of tornadoes and tornado
strength, especially when combined with a relatively low LCL height (<1000 m).
An addendum was added to include cases with nontornadic storms in order to
discriminate between tornadic storms and nontornadic storms (significant and
nonsignificant tornadoes). Statistically significant differences between significant
tornadoes and nontornadic events were noted for CAPE, 0-1 and 0-3 km SRH, 0-1 and 03 km EHI, LCL and LFC heights, and CIN. It should be noted that the significant
differences associated with LCL and LFC heights and CIN were because mean values for
each of these parameters were lower for nontornadic events. Statistically significant
differences between nonsignificant tornadoes and nontornadic events were noted for
CAPE, 0-1 and 0-3 km SRH, 0-1 and 0-3 km EHI, LFC height, and CIN. Again,
significant differences for LFC height and CIN were due to mean values for these
parameters being lower for nontornadic events.
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Limitations
While the best possible attempt was made to ensure an accurate tornado
environment with respect to the thermodynamic data, there are certainly some issues that
limit any tornado study. First, the spatial distribution for upper-air data is poor at best.
Some areas in the Southeast may be hundreds of miles from a sounding site, which
precludes an in-depth study of how the mesoscale influences tornadogenesis. Since a
particular sounding site(s) was chosen to represent each state, forecasters outside of the
161 km sounding radius should use caution when forecasting tornadoes since tornado
environments differ within a state. The literature agrees that the best way to ensure
representative tornado data is to choose proximity soundings, and this study used a blend
of Thompson et al. (2003) and Brooks and Craven (2002) proximity distances. Thompson
et al. chose a tornado distance from sounding site of 40 km and +/- 3 hours from 1200
and 0000 UTC. Given the dataset that was used, it is doubtful that enough samples could
have been collected if a distance of 40 km was chosen. However, it is the author’s
opinion that a distance of less than 40 km in the inflow region of the storm may yield a
more accurate representation of the tornado environment. Any time in the morning (i.e.
+/- 3 hours from 1200 UTC) was discounted because it may not yield an accurate tornado
environment due to lack of surface heating. Brooks and Craven chose a distance of 185
km from the sounding site and +/- 3 hours from 0000 UTC. The 185 km distance was
discounted because it seemed too far away to obtain a truly accurate representation of the
tornado environment. A compromise of 161 km (100 miles) and a time interval of +/- 2
hours were chosen for this study. Since most tornadoes in the Southeast occur a few
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hours before sunset, this number was chosen since it would give the most accurate
environmental representation possible.
Another weakness of this work that is debatable is the parcel lift method. The
surface-based parcel was chosen due to the findings of Markowski (2002) and to replicate
the method of Thompson et al. (2003). There is considerable debate as to which parcel
level (surface-based, mean layer, and most unstable) most accurately represents the
environment. Choosing a different method would likely have increased the instability
values and changed the LCL and LFC heights and CIN. Also, the virtual temperature
correction was ignored due to some skepticism. If the virtual temperature correction had
been used, in most cases, the instability parameters would have been slight higher and the
LCL height would have been higher. LFC height and CIN would have also been affected.
As shown by Colquhoun and Riley (1996), the use or neglection of the virtual
temperature may not be a significant limitation. Future research should experiment with
using a different parcel method and possibly using the virtual temperature correction. It
would also be beneficial if studies were conducted regarding the most accurate parcel
method for different regions of the country and different times during the year. Each
method can cause significant variations of the thermodynamic indices depending on area
and season.
It is the author’s hope that additional tornado research is conducted in regions
other than the Great Plains since all regions in the U.S. may be thermodynamically
different than the Plains. Since it is the author’s belief that tornadogenesis is strongly
controlled at the low-levels of the troposphere, another hope is that low-level
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thermodynamic research continue to be conducted in all tornado prone areas of the
United States.
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